U345/4.3  I 
M22  / 

c.l 


STATE  LIBRARY  OF  PENNSYLVANIA 


3 0144  00264466  4 


COMMONWEALTH  OF  PENNSYLVANIA 
DEPARTMENT  OF  INTERNAL  AFFAIRS 


OIL  GEOLOGY 

OF  THE 

TITUSVILLE  QUADRANGLE 

PENNSYLVANIA 


By 

PARKE  A.  DICKEY 


TOPOGRAPHIC  AND  GEOLOGIC  SURVEY 
BULLETIN  M 22 
1941 


PENNSYLVANIA 
GEOLOGICAL  SURVEY 

FOURTH  SERIES 

BULLETIN  H 32 


OIL  GEOLOGY 

OF  THE 

TITUSVILLE  QUADRANGLE 

PENNSYLVAINIA 


By 

PAKKE  A.  DICKEY 


depakt:\iext  of  ixtekxal  affairs 

^YlLLIAM  S.  Livengood,  Jr.,  Secretary 

TOPOCRAPinC  AXD  OEOLOOIC  SURVEY 
George  II.  Ashley,  State  Geologist 

Harrisburg,  Pa. 

1941 


COPYRIGHTED  1941 
BY  THE 

COMMONWEALTH  OF  PENNSYLVANIA 


Additional  copies 

of  this  publication  may  be  purchased  from 
Bureau  of  Publications 
Department  of  Property  and  Supplies 
Harrisburg,  Pa. 


TABLE  OF  CONTENTS 

Pa 

Introduction  

Purpose  and  method  of  investigation  

Location  and  culture  

Acknowledgments  

Geograx>hy  

Relief  

Drainage  

Glaciation  

Illinoian  moraine  

Wisconsin  moraine  

Stratigraphy  

Exposed  rocks  

I’ennsylvanian  system  

Pottsville  series  

IMississippian  system  

Shenango  group  

Cuyahoga  group  

Corry  sandstone  

Cussewago  formation  

Subsurface  rocks  

Devonian  sj’stem  

Riceville  shale  

Venango  oil  sand  series 

First  sand  formation  

Saegerstown  shale  

Second  sand  formation  

Amity  shale  

Third  sand  formation  

Origin  of  the  Venango  oil  sand  group 

Chemung  group  

Deeper  strata  

Structure  

Regional  structure  

Local  structure  

Oil  geology  

Accumulation  of  oil  and  gas  

Petrography  of  the  oil  sands  

Texture  

Grain  size  

Composition  

Porosity  and  permeability  

Oil  content  

Water  content  

Estimation  of  reserves  

Economically  recoverable  reserves  

Producing  oil  sands  

Glacial  sands  

Reds  above  tlie  Venango  sand  group 

First  sand  

iii 


ge, 

1 

1 

1 

2 

3 

3 

3 

3 

3 

3 

4 

4 

4 

4 

5 

5 

5 

5 

5 

() 

G 

G 

8 

9 

10 

10 

11 

11 

13 

13 

14 

14 

14 

14 

15 

15 

IG 

16 

IG 

17 

19 

19 

21 

21 

23 

24 

24 

24 

24 


TABLE  OF  CONTENTS 


Page 

Goodwill  7 fill — Grand  ’'i'’alley  24 

Pleasantville  pool  25 

Asbury  Cliapel  25 

Sliamburg — ^Pithole  26 

Pools  in  southern  part  of  quadrangle  26 

Cherrytree  Townshi]>  26 

Northwestern  part  of  quadrangle  26 

Red  Valley  sand  26 

Second  (Salt)  sand  27 

Third  Stray  sand  28 

Goodwill  Hill — Grand  Valley  pool  28 

Church  Run  pool  30 

Breedtown  pool  30 

Pleasantville  or  Black  Oil  pool 31 

Pithole  pool  32 

Shamburg — Pioneer  34 

Nomenclature  of  Tliird  Stray  sand  34 

Third  sand  34 

Church  Run  pool  34 

Dotyville  pool  35 

Watson  Flats  pool  36 

Octave  pool  36 

Miller  farm  37 

Cherrytree  pool  37 

Shamburg  pool  37 

Enterprise  38 

Goodwill  Hill — Grand  ^'alley  38 

Pioneer — Petroleum  Center  38 

Oil  production,  by  Parke  A.  Dickey  and  K'obert  B.  Bossier 40 

Historical  sketch  40 

Earlj'  drilling  technique  42 

Present  drilling  and  pumping  technique  43 

Natural  production  43 

Vacuum  44 

Water  flooding  44 

Air  and  gas  drive  44 

Oil  recovery  from  typical  leases  46 

Factors  atfecting  recovery  of  oil  by  air  drive 58 

Bypassing  of  air  58 

Methods  of  controlling  bypassing  of  air  58 

Oil  content  of  sands 58 

Spacing  and  pattern  of  wells  59 

Other  factors  60 

Effect  of  well  spacing  60 

References  64 

Selected  well  recoials  66 

Records  of  wells  deeper  than  Third  sand 80 

Index  83 


IV 


LIST  OF  ILLT'STKA'I'IOXS 


Page 


Figure  I.  Grain  size  histograms  of  First  sand  near  Hamilton  Corners. 

(After  C.  E.  Fettke)  17 

2.  Grain  size  histograms  of  First  and  Third  Sands  in  Goodwill 

Hill  District.  (After  W.  L.  Hershelman)  18 

3.  Characteristic  core  analysis  profiles  of  two  wells  about  300 

feet  apart  in  the  Goodwill  Hill  District 20 

4.  Characteristic  core  analysis  profiles  of  two  wells  about  300 

feet  apart  in  the  PioJieer  District  22 

5.  Production-decline  curve,  Lease  \TI  46 

6.  Production-decline  curve,  Lease  III  47 

7.  Production-decline  curve.  Lease  XI  48 

8.  Production-decline  curve.  Lease  A’  49 

9.  Production-decline  curve.  Lease  VIII  50 

10.  Production-decline  curve.  Lease  XIII  51 

11.  Development  map.  Lease  XIII  52 

12.  Cumulative  ultimate  oil  recovery  of  12  leases  plotted  against 

well  spacing  61 

13.  Oil  recovery  of  12  leases  expressed  as  percent  of  total  re- 
coverable oil,  plotted  against  well  spacing  62 


Table  1.  Average  positions  and  thicknesses  of  oil  and  gas  sands 7 

2.  Ileavj-  mineral  samples  in  drill  cuttings  from  well  on  Goodwill 

Hill  19 

3.  Keserves  of  oil  in  the  Titusville  Quadrangle  23 

4.  Production  and  operating  data  from  12  leases  under  air  drive 

showing  uninterrupted  decline  curves  54  to  57 

5.  Selected  well  records  6()-78 

6.  Eecords  of  welLs  deex^er  than  Third  sand 80-81 


Section  I.  Columnar  sections  in  Titusville  Quadrangle  based  on  electric 
logs,  drill  cuttings,  and  cores. 

II.  AVell-to-well  Section  A-A',  east-west,  north. 

III.  AVell-to-well  Section  B-B',  east-west,  central. 

IV.  Well-to-well  Section  C-C',  east-west,  south. 

V.  AYell-to-well  Section  D-D',  north-south,  west. 

AT.  AVell-to-well  Section  E-E',  north-south,  east. 


Plate  1.  General  majD  of  Titusville  Quadrangle  showing  location  of  selected 
wells,  dcexj  wells,  ajiproximate  lease  boundaries,  and  lines  of  cross 
sections. 


11.  First  Sand  max)  showing  location  of  First  Sand  pools,  and  wells 
which  record  the  First  sand  as  present. 

III.  Bed  A'alley  Sand  max?  showing  location  of  Eed  A’alley  Sand  pools, 
Eed  A'allej"  Sand  wells,  thickness  of  Bed  A'alley  sand  (in  red)  and 
structure  contours  on  top  of  Eed  A'alley  sand. 

lA'.  Second  Sand  map  showing  location  of  Second  Sand  pools.  Second 
Sand  wells,  and  thickness  of  Second  sand  (in  red). 

A’.  Third  Stray  Sand  maxi  showing  location  of  Third  Stray  Sand  pools, 
Third  Stray  Sand  wells,  thickness  of  sand  (in  red)  and  structure 
on  tox3  of  sand. 

AT.  Third  Sand  map  showing  location  of  Third  Sand  pools.  Third  Sand 
wells,  and  thickness  of  Third  -sand  (in  red). 


V 


FOREWORD 


This  bulletin  has  an  interest  far  beyond  the  small  area  it  describes,  or 
the  people  who  are  financially  interested  in  its  oil  deposits.  “Firsts”  are 
commonplace  in  Pennsylvania.  She  is  32d  among  the  States  of  the  Union 
in  size  but  first  in  a hundred  ways.  Only  ninth  among  the  States  in  her 
coal  deposits,  until  about  1920  she  had  produced  more  coal  than  all  the 
other  States  combined.  Today  she  is  eleventh  in  the  production  of  oil,  but 
for  years  she  was  the  only  State  producing  oil  commercially  and  she  led  in 
the  production  of  oil  for  35  years,  taking  second  place  in  1895.  Her  total 
output  of  oil  in  80  years  is  exceeded  by  only  four  States,  all  comparatively 
newcomers  in  the  industry. 

Today  Pennsylvania  would  hardly  be  more  than  a memory  in  the  oil 
industry  were  it  not  for  secondary  methods  in  oil  recovery,  in  which  she 
has  led,  just  as  she  did  in  the  original  recovery  of  oil.  A year  or  more  ago 
it  occurred  to  the  oil-scouts  of  some  of  the  large  producers  of  the  Southwest, 
where  oil  occurs  at  great  depths,  that  Pennsylvania,  West  Virginia,  and 
Ohio,  whose  wells  are  shallow,  might  also  contain  large  quantities  of  oil 
at  great  depths.  Accordingly,  they  began  a trek  to  the  east  by  the  score, 
ready  to  drill  to  10,000  feet  or  more.  Instead  they  discovered  that  oil  does 
not  occur  deeper  than  3,000  feet  in  Pennsylvania.  This  comparatively  shallow 
depth  is  in  accord  with  David  White’s  oil-coal  formula  when  allowance  is 
made  for  increasing  fixed  carbon  in  coal  with  depth.  The  Pennsylvania 
industry  would  tell  these  oil-scouts,  as  the  tombstone  put  it,  “As  you  are 
now,  so  once  was  I ; as  I am  now,  so  you  will  be,”  in  this  instance  not 
dead,  but  kept  alive  only  by  complete  knowledge  and  the  highest  skill. 

Today,  as  80  years  ago,  the  oil  men  of  Pennsylvania  are  ahead  of  the  pack 
in  devising  new  ways  of  meeting  new  conditions.  When  the  oil  sands  were 
first  drilled  into,  the  oil  flowed  into  wells  because  of  the  gas  dissolved  in 
the  oil  or  trapped  above  the  oil  in  the  sand.  As  the  oil  was  withdrawn  the 
gas  escaped  too,  but  faster  than  the  oil.  Eventually,  the  oil  would  no 
longer  flow  into  the  wells  because  gas  pressure  was  gone.  Large  quantities 
of  oil  remained  in  the  rock,  in  some  instances  six  or  seven  times  as  much 
as  had  been  withdrawn.  How  to  recover  that  oil  short  of  mining  the  rock 
and  distilling  the  oil  out  has  been  the  problem  of  the  Pennsylvania  industry. 
The  use  of  water  under  high  pressure  through  intake  wells  has  long  been 
practiced  in  the  Bradford  field.  This  method  has  not  been  successful  in 
other  fields  in  Pennsylvania,  though  it  may  be  in  some  fields  not  yet  tested. 

In  the  area  discussed  in  this  bulletin  air  and  gas  have  been  used  with 
success  in  place  of  water.  But  many  problems  are  encountered.  The  oil 
sands  are  not  uniform  in  permeability.  Air  and  gas  under  pressure  pass 
readily  through  the  more  permeable  layers  and  by-pass  the  denser  layers, 
where  most  of  the  oil  still  remains.  How  to  induce  the  oil  to  leave  the 
denser  layers  is  a first  problem,  but  only  one. 

Unlike  most  of  the  oil  deposits  of  the  Southwest,  those  of  Pennsylvania 
are  only  slightly  related  to  structure.  As  developed  in  this  paper,  relations 
to  old  shore  lines,  to  thickness  of  beds,  and  other  conditions  existing  when 
the  oil-bearing  sandstones  were  laid  down  may  play  a much  more  important 
role  than  structure. 
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A third  problem  is  to  forecast  the  quantity'  of  oil  in  a pool  that  has 
alreadj’  had  its  daj'.  Secondary  methods  of  recovery  are  expensive.  It  is 
most  desirable  to  know  in  advance  that  there  is  enough  oil  in  a given  pool 
in  a given  sand  to  warrant  the  high  cost  of  its  recoverj’.  These  are  some 
of  the  matters  dealt  with  in  this  report.  Furthermore,  it  deals  with  the 
oldest  oil  field  in  the  world,  and,  therefore,  one  which,  because  of  the  large 
amount  of  information  available,  is  of  peculiar  interest.  It  is  believed  that 
the  matters  discussed  in  this  bulletin  and  the  solutions  offered  will  be  of 
interest  to  oil  men  everywhere. 

Geo.  H.  .Ashley 
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OIL  GEOLOGY  OF  THE  TITUSVILLE 
QUADRANGLE,  PENNSYLVANIA 

By  Parke  A.  Dickey 


INTRODUCTION 
Location  and  Culture 

The  Titusville  quadrangle  is  in  nortliwesteni  Pennsylvania  and 
occupies  parts  of  'Warren,  Crawford,  ’\"enango,  and  Forest  Counties. 
It  covers  about  220  square  miles,  of  which  about  67  square  miles  are 
producing’  oil  fields. 

The  city  of  Titusville  in  the  southeast  corner  of  Crawford  County 
is  near  the  middle  of  the  (juadrangle.  It  has  a population  of  about 
8,000  persons.  The  principal  industries  are  oil  refining,  and  the 
manufacture  of  heavy  forgings  and  internal  combustion  engines. 
The  city  is  served  by  the  Pennsylvania  and  New  York  Central 
railroads 

Pleasantville,  near  the  northeast  corner  of  Venango  County,  has  a 
population  of  about  600  persons,  most  of  whom  are  dependent  on  the 
production  of  oil  for  a livelihood.  Ilydetown  and  Grand  Valley  are 
smaller  boroughs  dependent  on  agriculture  and  oil  production. 

The  western  half  of  the  quadrangle  exhibits  a gently  rolling 
topography,  and  is  occupied  by  many  prosperous  farms,  principally 
devoted  to  dairy  cattle.  The  eastern  part  of  the  quadrangle  is  largely 
woodland.  I\Iost  of  it  has  been  repeatedly  cut  over  and  there  is  no 
large  timber.  'When  the  first  settlers  came  in  the  early  part  of  the 
19th  century  there  were  splendid  stands  of  pine;  huge  rotting  stumps 
and  logs  may  still  be  seen  in  the  woods.  At  present  hemlock  is  fairly 
abundant,  and  oak,  ash,  and  maple  sustain  several  sawmills  in  the 
district.  The  most  important  industry  is  crude  oil  production. 

Purpose  and  Method  of  Investigation 

The  mapping  of  this  quadrangle  is  part  of  a program  of  detailed 
investigation  of  the  old  IMiddle  Venango  oil  fields.  The  Tidioute  and 
Ililliards  quadrangles  have  already  been  mapped  and  preliminary 
reports  published.  Field  work  on  the  Franklin  and  Oil  City  quad- 
rangles has  been  completed  and  a report  on  the  Franklin  quadrangle 
is  in  preparation.  A comprehensive  report  on  the  entire  district  is 
being  prepared. 

The  Middle  Venango  fields  are  the  birthplace  of  the  modern 
petroleum  industry.  Production  has  been  small  since  flush  produc- 
tion (;eased  and  interest  shifted  to  newer  and  more  prolific  pools. 
IMucli  of  the  original  oil  still  remains  in  the  sands,  however,  and  the 
development  of  secondary  methods  of  oil  recovery  has  revived  interest 
in  the  district  and  the  hope  that  it  will  be  possible  to  recover  a large 
amount  of  the  remaining  oil.  A thorough  knowledge  of  the  geology 
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of  the  field  is  a prerequisite  to  intelligent  application  of  secondary 
recovery  methods,  an  appraisal  of  their  potentialities,  and  to  the  in- 
telligent search  for  new  pools. 

It  was  decided  early  in  the  program  that  the  reconnaissance  type 
of  geological  study  such  as  had  been  made  for  the  oil  fields  of  south- 
western Pennsylvania  would  not  give  a sufficiently  complete  and  clear 
picture  of  the  subsurface  geology  to  serve  the  purposes  of  the  study. 
It  was,  therefore,  decided  to  accumulate  all  available  information. 
It  has  not  been  possible  to  collect  and  record  everything  still  available, 
but  this  study,  like  the  reports  on  the  Tidioute  (1)  and  Hilliards  (2) 
quadrangles,  and  the  Bradford  Oil  Field  (3),  is  based  on  many  more 
field  data  than  usual  in  studies  of  this  type. 

Almost  every  available  well  record  was  collected,  a total  of  about 
7,680  in  the  quadrangle.  Of  these,  3,370  were  located  on  a map  with 
a scale  of  four  inches  to  the  mile,  and  their  elevation  determined. 
About  three-quarters  of  the  well  elevations  were  determined  with 
aneroid  barometer  (Paulin  altimeter),  but  a large  number  were  deter- 
mined by  plane-table  traverses.  It  was  intended  that  the  maximum 
vertical  error  should  not  exceed  5 feet,  but  some  few  wells  may  be  as 
much  as  10  feet  in  error.  Of  these  records  about  400  have  been 
selected  as  reliable  and  representative  and  are  included  in  this  report. 
(Table  6.) 

The  work  was  done  between  July  1938  and  October  1940,  by 
Parke  A.  Dickey,  assisted  during  much  of  this  time  by  E.  H.  Ashton, 
W.  S.  Lytle,  and  J.  H.  DeLong,  Jr.,  whose  conscientious  and  intelli- 
gent work  forms  the  basis  of  the  report. 
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GEOGRAPHY 

Relief 

The  Titusville  quadrangle  lies  Avithin  the  geographic  division  knoAvn 
as  Allegheny  High  Plateaus  of  the  Appalachian  Plateaus  Province. 

IMany  of  the  hills  are  rather  flat-topped  and  mark  Avhat  Avas  clearly 
an  old  erosion  surface  Avhich  has  been  uplifted  and  dissected.  This 
surface  rises  from  about  1,600  feet  in  the  southern  part  of  the  quad- 
rangle to  1,700  feet  in  the  northern  part.  The  valley  of  Oil  Creek 
rises  from  1,050  feet  on  the  south  boundary  of  the  quadrangle  to 
1,230  on  the  AA'est  boundary. 


Drainage 

The  quadrangle  is  in  the  Allegheny  River  drainage  basin,  the  river 
lying  a feAv  miles  outside  of  and  parallel  to  the  southern  and  eastern 
margins  of  the  quadrangle.  The  greater  part  of  the  area  is  drained 
by  Oil  Creek  and  its  tributaries.  The  southeast  quarter  of  the  quad- 
rangle is  drained  by  Pithole  Creek  and  SteAvart  Run,  AA’hieh  empty 
directly  into  the  Allegheny  River. 


Glaciation 

The  quadrangle  lies  near  the  southern  limits  of  tAvo  of  the  encroach- 
ments of  the  North  American  ice  sheet. 

Illinoian  moraine.  No  characteristic  moraine  of  the  Illinoian  stage 
has  been  recognized  Avithin  the  quadrangle.  Several  gravel  banks  on 
high  divides  can  hardly  be  accounted  for  by  the  'Wisconsin  ice, 
notably  one  south  of  Jerusalem  Corners,  and  they  are  believed  to  be 
remnants  of  the  Illinoian  glaciation. 

Wisconsin  moraine.  The  terminal  moraine  of  the  "Wisconsin  ice 
sheet  crosses  the  nortlnvest  corner  of  the  quadrangle,  passing  just 
nortliAvest  of  Maple  Grove  School,  Cloverdale  Corners,  Gilson  Ridge 
School,  and  HydetOAvn.  No  attempt  Avas  made  to  study  it  or  trace  it 
exactly,  but  it  is  clearly  evident  in  the  topography  and  is  Avell  shoAvn 
on  the  topographic  map. 

PreA’ious  to  the  advance  of  the  Wisconsin  ice  sheet  the  drainage  of 
this  part  of  iiorthAvestern  Pennsylvania  Avas  nortliAvesterly  tOAvards 
AA'hat  is  noAv  Lake  Erie  (4,  5).  Oil  Creek  floAved  north  instead  of 
south  as  at  present,  and  its  headAvaters  probably  Avere  near  Titusville. 
CaldAvell  Creek  probably  also  floAved  north.  During  the  maximum 
advance  of  the  ice  sheet  tongues  of  ice  may  have  occupied  the  old 
preglacial  valley  of  Oil  Creek  and  Pine  Creek  as  far  south  as  Titus- 
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ville.  The  ice  deepened  the  valleys  and  probably  also  straightened 
and  otherwise  modified  them. 

While  the  ice  sheet  occupied  the  area  to  the  north,  it  was  impossible 
for  the  water  to  flow  out  in  that  direction.  Furthermore,  the  melting 
of  vast  quantities  of  ice  at  the  southern  edge  of  the  glacier  provided 
abnormally  large  quantities  of  water  to  be  disposed  of.  The  upper 
valleys  of  the  north-tlowing  streams  were  thus  dammed  up,  and  be- 
came short-lived  lakes.  The  waters  had  to  seek  exit  over  the  crests 
of  the  divides  to  the  south.  The  large  amounts  of  water  quickly  cut 
deep  gorges.  The  valley  of  Oil  Creek  below  Titusville  is  an  excellent 
example  of  such  a gorge.  The  old  divide  probably  was  near  Bough- 
ton,  and  from  there  to  Oil  City  the  water  followed  and  greatly 
deepened  the  channel  of  an  old  water  course.  The  small  side  streams 
probably  at  first  were  unable  to  deepen  their  channels  as  fast  as  the 
main  bed  was  deepened,  and  were  left  hanging,  spilling  their  waters 
down  over  waterfrdls.  Since  the  retreat  of  the  ice,  most  of  them  have 
cut  back  and  smoothed  out  the  waterfalls,  but  one  stream  on  the  west 
side  of  Oil  Creek  one  mile  above  Miller  Farm  is  still  a hanging  valley 
with  waterfalls  over  hard  sandstone  ledges. 

Evidence  of  the  lake  that  occupied  Oil  Creek  Valley  can  be  seen  in 
the  terraced  gravel  banks  on  the  hillsides  south  and  east  of  East 
Titusville,  and  the  large  gravel  banks  on  the  main  road  one  mile  south 
of  Titusville.  The  valleys  of  Oil  Creek,  north  of  Titusville,  and  of 
Caldwell  Creek,  were  filled  with  debris,  principally  gravel,  sand,  and 
clay.  On  Watson  Flats,  east  of  Titusville,  the  rock  floor  lies  about 
100  feet  below  the  present  valley  surface,  the  original  valley  being 
filled  to  that  height  with  soft  clay  and  gravel. 


STRATIGRAPHY 
EXPOSED  ROCKS 

A study  of  the  outcropping  rocks  in  noi’thwestern  Pennsylvania 
was  made  in  1935  and  1936  by  S.  H.  Cathcart,  and  his  observations 
in  the  Titusville  quadrangle  have  been  amplified  by  the  author.  How- 
ever, the  nomenclature  and  relations  of  the  exposed  rocks  of  the 
Titusville  quadrangle  cannot  be  entirely  clarified  until  the  mapping 
of  other  paids  of  the  district  is  complete.  No  map  showing  surface 
structure  is  therefore  included  with  this  advance  report,  but  will 
be  included  in  the  final  report  on  the  area. 

PENXSYEV.\XI.\N  SYSTEM 

rottsniUe  series.  A heavy  sandstone,  occasionally  pebbly,  caps  a 
few  of  the  higher  hills  in  the  eastern  part  of  the  quadrangle.  Good 
exposures  of  it  are  rare,  and  it  is  usually  seen  as  large,  loose  blocks 
and  rock  cities.  The  exact  position  of  its  base  is,  therefore,  impossible 
to  determine,  but  it  appears  to  be  from  250  to  300  feet  above  the  base 
of  the  Corry  sandstone.  It  is  not  certain  whether  this  sandstone  is 
the  equivalent  of  the  Glean  conglomerate  which  is  well  developed  to 
the  northeast,  or  the  Coiinoquenessing  sandstone,  which  is  Avell  de- 
veloped to  the  southwest.  It  is  not  always  well  developed  and  recog- 


SURFACE  EOC'KS 


iiizable.  At  Pleasaiitville  and  east  of  Pithole  a thin  coal  seam  is 
present  about  4U()  feet  above  the  Corry  sandstone. 

It  was  pointed  out  by  Putts  (25)  and  has  since  been  substantiated 
by  other  work  in  the  district,  that  the  Pottsville  rocks  lie  uneonform- 
ably  on  the  older  beds,  which  were  very  gently  tilted  to  the  south. 
The  Pottsville  series  rests  on  older  and  older  beds  towards  the  north 
and  east. 


MISSISSiri'IAN  SYSTEM 

group.  A series  of  sandstones  and  shales  with  some  cal- 
careous sandstone  and  sandy  shale  occupies  about  120  feet  of  section 
below  the  Pottsville.  In  the  upper  part  there  is  a luitber  persistent 
sandstone  bed,  30  to  -10  feet  thick,  whose  top  is  about  2-10  feet  above  the 
Corry  sandstone.  It  is  iiot  well  exposed,  but  was  noted  in  two  of 
the  sampled  wells.  At  the  base  of  the  series  is  a widespi'ead  ami 
frequently  exposed  bed  of  sandstone  about  30  feet  thick,  whose  base 
lies  from  130  to  150  feet  above  the  Corry  sandstone.  It  is  generally 
a coarse  quartz  sandstone,  and  is  noticeably  pebbly  in  the  northwest 
corner  of  the  quadrangle.  It  usually  contains  numerous  ferruginous 
concretions  and  cavities.  AVell  cuttings  show’  that  it  is  usually  under- 
lain, either  immediately  or  10  feet  below  its  base,  by  a fine  calcareous 
sandstone  bed.  This  sandstone  has  generally  been  considered  to  be 
the  Shenango  sandstone  by  previous  workers  in  the  district  (1,  7) 
although  it  has  not  been  definitely  traced  to  the  Shenango  in  its  type 
area. 

CuguJwga  group.  Prom  130  to  150  feet  above  the  Corry  are  dark 
gray  shales,  gray  sandy  shales,  some  reddish-brown  shales,  and  fine 
sandstones  comprising  the  Aleadville,  Sharpsville  and  Orangeville 
formations.  The  sandstones  are  frequently  calcareous,  but  do  not 
seem  to  occupy  any  constant  position,  and  it  was  not  found  possible 
to  divide  the  group  into  the  subdivisions  proposed  by  I.  C.  White 
for  the  Meadville  district  (6), 

Corrii  sandstone.  The  Corry  sandstone  is  the  most  persistent  of 
the  sandstones  of  this  district,  and  is  the  only  one  suitable  for  use 
as  a key  horizon.  It  is  a fine,  rather  massive,  but  occasionally  jilaty 
sandstone,  pure  white  or  yellowish  wdiite  on  a fresh  surface,  and  char- 
acteristically w’eathers  pasty  or  chalky  white.  It  is  harder  and  more 
compact  than  the  other  sandstones. 

Within  the  Titusville  ([uadrangle  the  Corry  generally  consists  of 
three  members.  The  upper  sandstone  member  is  usually  the  more 
massive,  and  is  from  8 to  15  feet  thick.  The  middle  member  is  shale 
with  thin  sandy  shale  and  platy  sandstone  beds,  and  ranges  from 
5 to  10  feet  in  thickness.  The  lower  member  is  fine,  hard,  platy 
sandstone,  10  to  15  feet  thick.  Certain  beds  are  richly  fossiliferous 
and  frequently  calcareous.  The  fauna  has  been  described  by  Kenneth 
E.  Caster  (7,  p.  123).  The  Corry  sandstone  is  generally  believed  to 
be  the  equivalent  of  the  upper  part  of  the  Berea  formation  of  northern 
Ohio. 

Cussewago  formation.  The  Cussewuigo  formation  is  well  exposed 
along  Oil  Creek  Valley.  It  consists  of  80  to  100  feet  of  alternating 
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beds  of  very  fine,  light  gray,  flaggy  sandstone,  and  dark  gray  shale 
and  sandy  shale.  A faint  reddish  color  is  occasionally  noted  in  the 
shales.  The  sandstones  are  frequently  fossiliferous  and  some  contain 
abundant  crinoid  fragments.  Some  beds  are  quite  calcareous. 

The  Cussewago  is  probably  the  equivalent  of  the  Knapp  formation 
of  the  Bradford  area,  as  pointed  out  by  Caster  and  others.  Caster 
has  subdivided  the  Cussewago  and  named  the  various  members  from 
localities  near  Kane,  Bradford,  Tidioute,  and  Meadville.  It  is  very 
doubtful  whether  such  a general  subdivision  is  either  wise  or  appro- 
priate, for  the  formation  changes  character  from  a coarse  con- 
glomeratic series  near  Bradford  to  an  extremely  fine,  silty  sandstone 
and  shale  series  in  Crawford  County.  It  is  not  possible  to  correlate 
the  individual  sandstone  beds  from  drill  cuttings  throughout  the 
Titusville  quadrangle.  However,  electric  logs  of  several  wells  show 
that  there  are  three  prominent  sandstone  beds  which  are  widespread 
in  the  southern  part  of  the  quadrangle.  Their  tops  lie  40,  55,  and  75 
feet  below  the  base  of  the  Corry  sandstone. 

A calcareous  bed  is  sometimes,  but  not  always,  noticed  about  100  to 
120  feet  below  the  base  of  the  Corry.  In  the  Dennis  Run  section 
it  is  abundantly  fossiliferous,  and  is  called  the  Marvin  Creek  zone  by 
Caster.  At  Riceville  a limestone  bed  50  feet  below  the  Corry  was 
called  Marvin  Creek  by  Caster  (7,  p.  95).  ITow'ever,  it  was  relocated 
by  the  author  in  the  new  road  cuts  25  feet  below  the  Corry  and  it  is 
doubtful  if  it  is  equivalent  to  the  Marvin  Creek.  The  fact  that  fos- 
siliferous and  calcareous  beds  are  common  throughout  the  Cussewago 
formation  makes  the  identification  and  naming  of  any  one  of  them 
hazardous.  Dennis  Run  is  near  Tidioute,  Marvin  Creek  near  Smeth- 
liort,  and  Riceville  is  in  Bloomfield  Township,  Crawford  County. 


SUBSURFACE  ROCKS 

Strata  below  the  Cussewago  formation  are  not  exposed  in  the  quad- 
rangle, but  have  been  penetrated  by  more  than  ten  thousand  oil  wells. 
As  a rule  the  records  kept  by  the  drillers  are  incomplete,  but  drill 
cuttings  were  obtained  from  five  wells  in  the  quadrangle,  and  electric 
logs  have  been  secured  for  several  districts,  so  that  complete  and 
accurate  information  on  the  subsurface  formations  is  available  down 
to  the  base  of  the  Venango  oil  sand  group. 


DEVONIAN  SYSTEM 

Riceville  shale.  Shales  with  occasional  thin  silty  sandstone  beds, 
90  to  100  feet  thick,  extend  from  80  to  170  feet  below  the  Corry  sand- 
stone. These  shales  are  characteristically  reddish,  especially  in  their 
lower  part,  and  are  generally  noticed  but  not  recorded  by  the  drillers. 
The  reddish  color  is  noticeable  even  in  weathered  outcrops  near 
Tidioute. 

Examinations  of  the  outcrops,  drill  cuttings,  and  electric  logs  indi- 
cate that  this  formation  is  a stratigraphic  unit,  distinguishable  from 
the  sandy  Cussewago  above  and  First  Sand  formation  below.  It 


SUBSUR FAC K ROCKS 


corresponds  exactly  in  thickness  and  position  with  the  Riceville  shale 
as  defined  by  I.  C.  White  (6,  p.  97),  although  it  is  not  included  in 
his  Riceville  section. 


TABLE  1. 


Average  position  and  thickness  of  shalloic  oil  sands  in  Titusville  Quadrangle. 


Age  of  sands 

Customary 
name  of  sand 

Aver- 
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to 

Corry 
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thick- 

ness 

Other  names  used 
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proven 
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acreage 

MISSISSIPPIAN 

POCONO 

Bluff  or 
Mountain  sand 

-i-185 

30 

Shenango 

Fresh 

water 

Corry , 

Blue  Monday  or 
Mountain  sand 

0 

30 

Corry 

Fresh 

water 

DEVONIAN  1 

VENANGO  OIL  SAND  GROUP 

First  sand  for- 
mation 

(First  sand  pay) 

—200 

—(240) 

80 

(37) 

Amber  (SW  (4) 

First  sand 

12,800 

Second  sand 
formation 

Red  Valley  sand 

—335 

19 

Second. 

Lytle  (E  %) 

Second  sand 

8.900 

Second  sand 

—390 

21 

Salt  (E 

Salt  sand 

9,600 

Third  sand 
formation 

Third  Stray  sand 

—490 

16 

Third  (NE  (4) 
Black-oll  (SE  V*) 
Gray  (SW  %) 

Third  sand 

24,800 

Third  sand 

—530 

33 

Fourth  (NE  Vi) 
Green-oil  (SE  Ai) 

Fourth  sand 

18,600 

1 

CHEMUNG 

First  Warren 
sand 

—1.000 

Shells 

First  Warren 
sand 

Small 
shows  gas 

Queen  sand 

—1,170  Shells 

Queen  sand 

Small 
shows  gas 

Speechley  sand 

i 

—1,420  ' Shells 

Speechley 

sand 

Caster’s  suggestion  that  this  member  be  called  the  Oswayo  shale 
(7,  p.  95)  seems  unfortunate.  The  Oswayo  of  the  Bradford  district 
is  distinguished  from  the  underlying  Cattaraugus  principally  on  the 
basis  of  its  greenish  and  gray  color,  and  both  Oswayo  and  Cattaraugus 
are  names  of  facies.  The  Riceville  shale  is  veiy  probably  the  equiva- 
lent of  the  upper  part  of  the  Oswayo  of  the  type  region,  but  much 
more  detailed  Avork  must  be  done  before  the  Oswayo-Cattaraugus 
contact  can  be  identified  in  the  Titusville  district.  Bright  red  strata 
are  often  associated  with  the  Second  Sand  formation  in  the  Venango 
field,  and  these  rocks  are  undoubtedly  equivalent  to  some  part  of  the 
Cattaraugus. 

There  is  no  evidence  in  the  Titusville  quadrangle  for  a discon- 
formity  at  the  top  of  the  Riceville  shale,  but  Caster’s  suggestion  that 
it  marks  the  top  of  the  Devonian  system  seems  reasonable,  and  is 
accepted  for  this  discussion. 
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VENANGO  OIL  SAND  SERIES 

Below  the  Riceville  shale  is  a group  totalling  330  feet  in  thickness 
in  which  are  located  the  oil-producing  sands  of  the  Titusville  quad- 
rangle. The  name  Venango  Group  of  oil  sands  was  first  applied 
definitely  to  the  group  by  Ashburner  (8,  p.  12).  It  was  subsequently 
used  by  Carll  (9)  and  White  (6).  Carll  in  1875  had  recognized 
the  three  sandy  members  of  the  group  (10).  The  three  sandy  mem- 
bers have  been  correlated  with  sandstones  named  from  their  places 
of  outcrop.  The  First  Sand  probably  is  equivalent  to  the  Woodcock 
sandstone  of  Crawford  County;  the  Second  Sand  to  the  Salamanca 
sandstone  of  the  Bradford  district ; and  the  Third  Sand  is  probably 
the  Panama  conglomerate  (7,  11,  12).  It  is  preferred,  however,  for 
this  discussion  to  use  the  older  and  somewhat  inelegant  drillers’  terms. 
First  Sand  formation.  Second  Sand  formation,  and  Third  Sand 
formation. 

A detailed  subsurface  study  such  as  forms  the  basis  of  this  report 
is  founded  on  thousands  of  observations  of  the  geological  horizons, 
and  a far  more  complete  picture  of  the  stratigraphy  may  be  obtained 
than  is  possible  by  a study  of  outcrops.  Detailed  descriptions  of  the 
various  sands  in  the  different  parts  of  the  quadrangle  will  be  found 
in  the  discussions  of  the  oil  geology  in  a subsequent  portion  of  this 
paper. 

The  reader  is  referred  to  Section  I which  is  based  on  electric  logs 
and  the  examination  of  drill  cuttings  and  cores.  It  was  impossible 
to  secure  electric  logs  of  the  same  wells  that  were  completely  sampled, 
but  the  exact  position  of  the  stratigraphic  units  is  shown  by  the 
electric  logs,  and  their  character  may  be  determined  by  examination 
of  samples  from  near-by  wells.  The  logs  shown  are  self-potential 
or  spontaneous  iiolarization  curves,  showing  high  negative  electric 
potential  to  the  left.  The  electric  potential  is  caused  principally  by 
the  water  in  the  drill  hole  filtering  into  the  sands,  and  maxima,  there- 
fore, indicate  sandy  beds;  tbe  height  of  the  maxima  being  some  indi- 
cation of  tbeir  permeability.  Resistivity  logs,  whose  maxima  depend 
principally  on  the  fluid  content  of  the  strata,  are  not  shown. 

The  five  principal  sandj^  members  of  the  Venango  series  are  shown 
by  maps  II  to  VI.  These  liave  been  compiled  from  all  the  well  records 
in  the  quadrangle.  The  base  maps,  in  black,  show  the  location  of  the 
producing  oil  fields,  and  for  two  of  the  sands,  the  elevation  of  the 
top  of  the  sand  above  sea  level.  AVells  whose  position  and  elevation 
were  determined,  and  whose  logs  record  the  sand  as  present,  are  shown 
by  black  dots. 

The  colored  stippling  shows  the  approximate  thickness  of  the  sand 
as  given  in  the  well  records.  AVhere  wells  are  not  present,  the  sand 
thickness  has  been  projected,  and  other  interpretations  are  of  course 
possible.  As  a rule,  in  districts  where  there  are  no  wells,  it  is  assumed 
that  none  of  the  sands  are  present. 

It  is  very  doubtful  if  there  is  a farm  in  the  quadrangle  (except 
in  the  northwest  portion)  that  does  not  have  at  least  one  abandoned 
well  on  it.  The  very  existence  of  many  of  these  wells  has  been  for- 
gotten, and  in  very  few  eases  have  the  records  been  preserved.  The 
location  of  many  of  these  abandoned  holes  was  attempted,  but  in  few 
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cases  were  records  or  authentic  inl'orinatioii  available  conceniin^^  their 
results.  The  value  of  this  study  would  have  been  greatly  increased 
if  many  of  these  wells  had  been  located,  but  it  was  decided  that  it 
would  be  impossibly  difficult  to  get  information  sufficiently  complete 
to  be  of  value.  It  must  therefore  be  assumed  that  wells  may,  and 
probably  have  been  drilled  in  most  of  the  blank  areas  on  the  map. 
A well  that  now  would  be  considered  a good  pumper  might  have  been 
abandoned  as  non-commercial  during  the  last  century,  so  that  the 
presence  of  abandoned  wells  does  not  entirely  condemn  an  area.  On 
the  other  hand,  the  most  profitable  leases  at  present  are  those  that 
were  richly  productive  when  first  drilled. 

It  is  doubtful  if  any  important  pools  remain  to  be  discovered  in  the 
Titusville  Quadrangle.  It  is  possible  that  small  and  isolated  bodies 
of  sand  may  be  discovered,  especially  in  the  First  Sand  formation. 

The  sand  thickness  maps  indicate  the  “trends”  of  rich  sand  more 
clearly  and  accurately  than  production  maps.  The  existence  of  these 
trends  was  noted  by  the  early  drillers,  and  has  formed  the  basis  of 
most  prospecting.  In  some  places  there  are  suggestions  that  the 
actual  thick  zone  changed  its  bearing  or  was  offset,  while  the  wells 
were  extended  in  the  dii’ection  in  which  the  trend  was  thought  to  lie. 
It  is  suggested  that  the  thickness  maps  published  in  this  report  will 
be  useful  in  indicating  the  best  areas  for  development,  especially  if 
they  are  supplemented  by  large-scale  and  detailed  thickness  maps 
compiled  by  the  operator  for  the  leases  in  question. 

First  Sand  formation.  "What  is  generally  called  by  the  drillers 
tlie  First  Sand  formation  is  a sandy  zone  80  to  85  feet  in  thickness, 
consisting  of  beds  of  shale,  sandy  shale,  and  sandstone.  The  latter 
are  usually  fine,  buf  in  some  places  are  coarse  and  even  pebbly.  When 
they  are  sufficiently  porous,  they  contain  oil  and  gas.  These  porous 
beds  or  “pay”  sands  are  as  a rule  of  small  area  and  highly  irregular. 
They  may  occur  anywhere  from  the  top  to  the  bottom  of  the  “forma- 
tion”, but  appear  to  be  more  extensive  and  frequent  near  the  bottom. 

Occasionally  the  drillers  record  correctly  the  top  and  bottom  of  the 
First  Sand  formation,  but  as  a rule  the  top  of  the  first  “pay”  sand 
encountered  is  called  the  top,  and  the  bottom  of  the  lowest  pay,  the 
bottom,  even  though  there  may  be  beds  of  shale  and  sandy  shale 
between.  In  consequence  the  well  records  are  exceedingly  confusing, 
and  adjacent  wells  often  show  widely  varying  sand  thicknesses.  When 
no  pay  beds  are  encountered,  the  sand  may  or  may  not  be  recorded. 
During  the  early  development  of  the  field,  the  First  sand  was  gen- 
erally considered  to  contain  “slush  oil”  and  to  be  worthless.  Just 
what  was  meant  by  “slush  oil”  is  not  entirely  clear,  but  apparently 
it  was  oil  that  made  a good  show  while  drilling,  but  failed  to  continue 
producing.  Most  of  the  First  sand  is  relatively  impermeable  and 
at  a shallow  depth,  which  explains  why  no  very  large  wells  were 
encountered  in  it.  On  Goodwill  Hill  a very  prolific  field  has  been 
developed,  in  some  parfs  of  which  the  First  sand  was  not  even 
recorded  as  present  in  the  logs  of  the  original  Third  Stray  sand  wells. 

Because  of  the  variable  nature  of  the  First  sand,  it  is  impossible 
to  draw  either  structure  or  thickness  maps  for  it.  The  First  Sand 
map  shows  the  position  of  the  wells  located  by  this  Survey  that  record 
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First  sand  as  present.  The  areas  where  the  First  sand  is  considered 
productive  are  enclosed  by  lines  fringed  on  the  side  toward  the 
production. 

Since  it  was  not  possible  to  correlate  individual  sand  beds  in  the 
First  Sand  formation,  it  is  impossible  to  present  a clear  and  accurate 
picture  of  the  shape  and  character  of  the  sand  body,  as  is  done  for 
the  lower  sands.  The  general  picture  is  about  as  follows : 

Northwest  of  a line  striking  N 32°  E and  passing  through  the 
northwest  corner  of  the  borough  of  Titusville,  the  First  sand  is  present, 
but  often  contains  large  quantities  of  water.  This  water  appears 
usually  to  be  fresh,  and  its  presence  may  be  due  to  the  outcropping 
of  the  sand  beneath  the  glacial  valleys.  The  sand  is  rather  fine,  but 
in  some  of  the  wells  seems  to  have  good  porosity  and  permeability. 
Southeast  of  the  line  the  sand  is  present,  but  porous  only  in  certain 
beds  in  certain  localities.  These  localities  are  highly  irregular  in  size 
and  shape,  and  it  is  difficult  to  make  generalizations  concerning  them. 

In  the  northeast  third  of  the  quadrangle  a series  of  porous  sand 
bodies  trends  southeast  from  a point  in  the  center  of  the  northern 
edge  of  the  quadrangle.  The  northwestern  bodies  are  smaller,  but 
are  coarse  and  frequently  quite  pebbly.  Farther  southeast,  in  the 
Goodwill  Hill  pool,  the  bodies  are  finer,  but  of  larger  areal  extent. 
Still  farther  southeast,  they  are  still  finer  and  again  of  small  area. 

A similar  situation  exists  in  the  Pleasantville  district.  Northwest 
of  Pleasantville  the  sands  occupy  a rather  narrow  belt,  but  are  quite 
coarse  and  the  pay  beds  are  thick.  South  of  Pleasantville  the  sand 
bodies  are  of  larger  areal  extent  but  finer.  Near  the  southeast  corner 
of  the  quadrangle,  the  sand  bodies  are  small,  though  rather  rich  in 
places. 

Starting  at  the  Hamilton  Corners  district,  which  lies  off  the  west 
edge  of  the  quadrangle  near  Prather  School,  the  sand  is  coarse  and 
rich.  To  the  southeast  there  are  small  scattered  pools  for  a distance 
and  then  a rather  large  pool  near  the  southwest  corner  of  the  sheet. 

Saegerstoivn  shale.  Below  the  First  Sand  are  about  50  feet  of  dark 
gray  shale  with  rare,  thin  beds  of  sandy  shale  and  a few  thin  beds 
of  fine  silty  sandstone  and  limey  sandstone.  The  name  Saegerstown 
was  proposed  by  G.  H.  Chadwick  in  1925  (11,  p.  457). 

Second  Sand  formation.  The  Second  Sand  formation  has  a total 
thickness  of  45  to  70  feet.  Where  completely  developed,  as  south  of 
Pleasantville,  it  consists  of  an  upper  sandstone,  the  Red  Valley  sand, 
20-25  feet  thick,  25  feet  of  shale,  and  a lower  sandstone,  the  Second 
sand,  20  to  30  feet  thick.  These  sandstones  were  called  the  Second  A 
and  B sands  by  Carll  in  1875.  They  have  been  called  the  Bimber 
Run  conglomerate  and  the  Pope  Hollow  conglomerate  by  Caster  (7, 
pages  86  and  87),  although  his  discussion  of  their  distribution  is  mis- 
leading. They  are  not  as  well  exposed  in  Bimber  Run  as  they  are 
in  other  places  in  the  vicinity,  and  their  thickness  apparently  does 
not  exceed  30  feet  anywhere. 

The  Red  Valley  sand  has  a sharp  northwestern  margin  which  is  an 
almost  perfectly  straight  line  bearing  N 43°  E and  passing  through 
the  southeast  corner  of  the  borough  of  Pleasantville.  Northwe.st  of 
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this  line  the  sand  is  very  seldom  noted  in  well  logs,  and  more  than  a 
mile  northwest  of  it,  it  is  represented  only  by  very  thin  and  fine  sandy 
beds  which  are  distinguishable  from  the  Saegerstown  shale  above  only 
by  electric  logs.  To  the  southeast  the  sand  rapidly  acquires  a thick- 
ness of  15  to  23  feet,  very  seldom  being  over  25  feet  in  thickness. 
The  sand  is  generally  fine,  but  contains  pebbly  beds  in  places, 
especially  at  or  near  the  base.  The  productive  oil  pools  are  all  in  a 
belt  two  miles  wide  whose  northwest  edge  lies  near  the  edge  of  the 
sand.  Southeast  of  the  thick  belt  the  sand  becomes  thinner,  finer, 
and  quite  shaly.  Near  the  southeastern  corner  of  the  quadrangle 
there  are  beds  of  green  and  reddish  shale. 

The  shale  member  is  dark  gray  and  has  a rather  constant  thickness 
of  25  feet.  The  top  of  the  Second  sand  lies  from  45  to  55  feet  below 
the  top  of  the  Red  Valley  sand. 

The  Second  sand  shows  a strikingly  similar  picture.  Its  north- 
western edge  is  a nearly  straight  line  striking  N 40°  E and  passing 
2 miles  northwest  of  the  borough  of  Pleasantville.  Its  edge  is,  there- 
fore, almost  exactly  parallel  to  the  edge  of  the  Red  Valley  sand,  but 
21/2  rniles  farther  northwest.  The  sand  thickens  rapidly  southeast- 
ward to  about  25  feet,  and  south  of  Pleasantville  forms  a very  uni- 
form sand  body,  20  to  30  feet  thick  and  4 miles  wide.  The  sand  is 
for  the  most  part  fine,  but  frequently  contains  pebbly  beds,  especially 
at  the  top.  All  the  productive  pools  are  within  this  belt.  North  of 
Pleasantville  the  sand  is  usually  thin  and  hard  and  not  very  produc- 
tive. Northwest  of  the  thick  belt,  the  sand  is  only  a thin,  fine  “shell”. 

Toward  the  southeast,  the  Second  Sand  formation  begins  to  assume 
the  aspect  of  a true  red-bed  series.  The  shales,  and  to  a certain  extent 
the  sands,  become  light  red  or  bright  green.  The  sands  are  present, 
but  thinner  and  finer,  and  although  they  usually  contain  oil,  they  are 
seldom  commercially  productive. 

Aynity  shale.  From  55  to  65  feet  below  the  Second  Sand  forma- 
tion, the  section  consists  almost  entirely  of  shale,  usually  dax’k  gray 
but  occasionally  with  reddish  beds.  This  member  was  named  the 
Amity  shale  by  Chadwick  in  1925  (11,  p.  455-464). 

Third  Sand  forynatian.  The  Third  Sand  formation  is  75  to  100 
feet  thick,  and  consists  of  beds  of  sandstone  with  intervening  beds  of 
shale.  The  upper  20  to  25  feet  of  the  Third  Sand  formation  consists 
of  beds  of  fine  to  medium-grained  sandstone,  seldom  exceeding  5 feet 
in  thickness,  and  beds  of  sandy  shale  and  shale.  These  sandy  beds 
are  rarely  reported  in  well  records,  since  they  seldom  or  never  contain 
appreciable  amounts  of  oil.  Electric  logs  have  shown  that  they  con- 
tain water  in  certain  localities.  It  is  possible  that  they  are  the  equiva- 
lent of  the  Boulder  and  Shira  sands  of  the  Hilliards  quadrangle  (2). 

The  top  of  the  Third  Stray  sand  lies  about  20  feet  below  the  top 
of  the  Third  Sand  formation  (490  feet  below  the  top  of  the  Corry 
sandstone).  It  is  widespread  over  the  quadrangle,  and  subsurface 
structure  contours  have  been  drawn  on  the  top  of  this  bed.  It  ranges 
in  thickness  from  2 feet  to  60  or  70  feet. 

The  Third  Stray  sand  is  thin  or  absent  northwest  of  a line  striking 
N 51°  E and  passing  through  the  northwest  corner  of  the  city  of 
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Titusville.  Southeast  of  the  line  it  is  present,  but  is  not  at  all  uni- 
formly developed.  Its  thickest  development  is  south  of  the  borough 
of  Grand  Valley,  where  it  consists  of  a series  of  parallel  “streaks” 
or  bars.  These  bars  are  1,000  to  2,000  feet  wide  and  strike  from 
N 50°  E to  N 65°  E.  The  maximum  thickness  decreases  from  60  feet 
near  Grand  Valley  to  20  feet  on  Goodwill  Hill,  increasing  again  to 
40  feet  at  Colorado.  Between  the  bars,  the  sand  is  about  half  the 
maximum  thickness  and  is  shaly.  Pebbles  are  common  only  in  the 
thickest  northwesternmost  bars.  The  bars  in  the  quadrangle  range 
from  1 to  5 miles  in  length,  but  the  southernmost  or  Colorado  bar 
extends  eastward  to  Tidioute  as  a long,  narrow,  and  very  thick  pehbly 
bar  with  an  ovex’-all  length  of  nearly  10  miles. 

The  sand  is  present,  but  thin  and  shaly  at  Dotyville,  and  also  north 
of  Titusville,  where  it  has  a maximum  thickness  of  25  feet.  It  is  also 
present  at  Breedtown,  where  it  does  not  exceed  15  feet  in  thickness. 

Over  a belt  3 to  4 miles  wide  passing  southeast  of  Titusville  the 
sand  is  missing,  but  reappears  at  Pleasantville,  from  which  point  it 
extends  northeastward  to  Fagundus  (on  the  Tidioute  quadrangle) 
and  southwestward  to  Petroleum  Center.  It  has  here  lost  its  streaked 
character,  and  consists  of  a uniform  sheet  of  sand,  usually  coarse 
and  often  pebbly,  from  5 to  15  feet  in  thickness.  Southeasterly  from 
Pleasantville  the  sand  contains  a good  deal  of  shale  and  sandy  shale, 
except  that  at  Pithole  and  Cashup  it  increases  to  15  feet  in  thickness 
and  is  coarse,  pebbly,  and  very  porous. 

The  top  of  the  Third  sand  lies  35  to  45  feet  below  the  top  of  the 
Third  Stray  sand.  AVhere  the  latter  is  abnormally  thick,  as  at  Grand 
Valley  and  Triumph  (in  the  Tidioute  quadrangle),  it  has  apparently 
cut  its  base  downward  through  the  intervening  shales  and  sandy 
shales,  into  and  perhaps  even  below  the  Third  sand. 

Like  the  Third  Stray,  the  Third  sand  is  characteristically  streaked. 
Its  western  edge  is  a line  passing  through  the  western  part  of  the  city 
of  Titusville  and  striking  N 15°  E.  West  of  this  line  the  sand  is 
present,  but  thin,  shaly,  and  unproductive  of  oil.  The  edge  of  the 
sand  is  smooth,  but  not  straight,  containing  several  offsets.  East  of 
this  edge,  the  sand  thickens  rapidly  to  50  or  60  feet,  where  it  con- 
tains pebbly  beds  throughout  its  entire' thickness.  It  also  contains, 
however,  beds  of  fine  sandstone  and  even  shale.  Eastward  from  the 
thick  zone,  the  sand  becomes  thinner  and  finer.  The  pebbles  dis- 
appear, and  shale  beds  occupy  more  of  the  section. 

In  the  southwestern  part  of  the  quadrangle  at  Petroleum  Center 
and  Pioneer,  the  sand  is  present  in  curved  streaks  and  lobes,  like  the 
fingers  of  a hand.  This  body  resembles  the  curving  bars  with  inter- 
vening swamps  of  the  Prescpie  Isle  peninsula  at  Erie.  Northeastward 
along  the  same  trend,  the  Shamburg  pool  is  streaked  in  its  southern 
part,  but  is  intersected  at  right  angles  in  the  central  part  by  an  im- 
pervious belt  a few  hundred  feet  wide,  north  of  which  the  sand  is 
thinner  and  contains  no  pebbles.  Prom  the  Shamburg  pool  north- 
eastward, the  sand  is  present,  hut  thin,  fine,  hard,  and  in  patches. 

From  Petroleum  Center  through  Pioneer,  Shamburg,  and  Pleasant- 
ville to  Grand  Valley,  the  sand  exhibits  a trend  which  is  roughly 
parallel  to  the  westernmost  Octave-Titusville-Church  Run  body.  Be- 
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tween  these  trends,  the  sand  is  tliin  and  slialy,  except  for  a curious 
lump  of  nearly  pure  pebble  sand,  60  feet  thick,  at  Dotyville.  Another 
curious  thick  spot  is  at  Miller  Farm,  but  here  the  sand  is  blue  and 
shaly.  Cores  are  not  available. 

Origin  of  the  Venango  Oil  Sand  group.  Speculation  concerning: 
the  origin  and  mode  of  deposition  of  the  Venango  Oil  Sand  group 
will  be  withheld  until  the  final  report  on  the  area,  when  general  sand 
maps  of  the  entire  district  can  be  presented.  Certain  facts  have, 
however,  become  clear  from  the  work  to  date. 

The  sands  show  all  the  characteristics  of  near-sliore  deposition 
The  sand  and  shale  beds  are  as  a rule  thinly  interbedded,  and  cores 
from  the  sands  have  frequent  highly  irregular  shaly  partings  sug- 
gesting ripple  marks.  Cross  bedding  has  been  noted  in  a few  dia- 
mond cores  from  the  area.  Clay  balls  are  very  common  and  suggest 
wave  action.  Pebbles  are  common  and  are  set  in  either  a sandy  or  a 
shaly  matrix. 

The  general  geology  of  western  Pennsylvania  indicates  that  the 
sea  must  have  lain  to  the  northwest  and  the  land  to  the  southeast. 
The  upper  Devonian  strata  change  their  character  from  thick  sands 
and  redbeds,  obviously  laid  down  in  a continental  environment  in 
central  Pennsylvania,  to  rather  thin  shales  and  limestones,  laid  down 
some  distance  from  the  shore  of  a shallow  sea,  in  Ohio. 

It  seems  likely  that  the  Venango  oil  sands  were  laid  down  near 
the  shore  line.  The  three  members  show  three  different  types  of 
deposition.  The  First  Sand  type  consists  of  irregular  sandy  zones, 
which  trend  roughly  in  a northwest-southeast  direction,  and  which 
tend  to  be  coarser  near  the  northwest  ends.  The  Second  Sand  type 
consists  of  uniform  belts  of  sand  trending  northeast  and  southwest, 
with  a smooth  northwestern  edge,  grading  into  shales  and  redbeds 
toward  the  southeast.  The  Third  Sand  type  consists  of  thick,  narrow 
bars  and  streaks,  often  very  pebbly,  and  either  single  or  multiple. 
They  are  inore  irregular  than  the  Second  Sand  belts,  but  thicker  and 
more  consistent  than  the  First  Sand  bodies. 


CHEMUNG  GROUP 

The  nomeiiclatnre  of  the  Upper  Devonian  of  western  Pennsylvania 
and  southern  Xew  York  is  in  a rather  confused  state.  The  limits 
of  the  Chemung  group  have  been  repeatedly  shifted  (3,  p.  145).  The 
beds  for  approximately  1,000  feet  below  the  Venango  group  belong  to 
the  Chemung  in  its  older  usage,  and  to  the  Conneaut  and  Canadaway 
groups  of  more  recent  usage  (13). 

In  the  Titusville  quadrangle  about  fifty  wells  were  found  that 
penetrated  deeper  than  the  Third  sand,  and  it  is  believed  that  about 
that  many  more  may  have  been  drilled  and  all  records  of  them  lost. 
Reliable  records  could  be  secured  for  only  about  twenty  of  them. 
However,  partial  sets  of  drill  cuttings  from  two  wells  were  examined. 

The  dark  gray  shales  characteristic  of  the  Venango  group  continue 
for  100  to  150  feet  below  the  base  of  the  Third  sand.  At  this  depth 
a series  of  alternating  red  shale,  greenish  gray  shale,  and  fine  silty 
sandstone  begins,  which  is  known  as  the  “Red  Rock.”  Sand  beds 
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are  oeeasionally  reported  as  occurring  in  this  series,  sometimes  with 
a show  of  oil,  but  they  are  nowhere  commercially  productive. 

The  Red  Rock  continues  440  to  475  feet  below  the  base  of  the  Third 
sand  (about  980  feet  below  the  top  of  the  Corry)  where  the  rock 
contains  more  sand  and  is  noticeably  harder  to  drill.  To  the  east, 
in  the  Tidioute  quadrangle,  production  of  oil  and  gas  is  obtained  from 
sands  in  this  zone.  The  principal  horizons  are  the  First  'Warren  sand, 
the  Second  Warren  sand,  the  Queen  sand,  the  Clarendon  sand,  and 
the  Speechley  sand.  In  the  Titusville  quadrangle  none  of  these  sands 
is  productive  of  either  oil  or  gas.  The  drill  cuttings  show  them  to  be 
exceedingly  fine  silty  sandstones  and  sandy  shales.  The  drillers’  logs 
are  not  at  all  consistent  about  the  position  of  the  sands,  but  there 
seems  to  be  a definite  sandy  zone  starting  at  about  620  feet  below  the 
base  of  the  Third  sand,  which  is  the  Queen,  and  another  about  900 
feet  below  the  Third  sand,  the  Speechley.  Very  small  shows  of  gas 
have  been  reported  from  these  zones,  but  considering  the  number  of 
wells  that  have  been  drilled  and  the  tendency  for  the  sands  to  become 
fine  and  shaly  towards  the  northwest,  it  is  considered  unlikely  that 
commercial  production  of  either  oil  or  gas  can  be  obtained  from  them. 

Four  wells  have  been  drilled  deeper  than  the  Speechley  sand,  but 
did  not  encounter  productive  sands.  So  far  as  is  known,  the  AVatson 
deep  well,  drilled  in  the  early  1870s  to  3,553  feet,  is  the  deepest  well 
in  the  quadrangle.  No  record  was  preserved  of  this  well,  to  the 
understandable  grief  of  the  early  geologists  (9,  p.  154). 

Beeper  strata.  Since  there  are  no  very  deep  wells  in  the  quad- 
rangle, this  survey  has  contributed  nothing  to  the  understanding  of 
the  rocks  below  the  Chemung  formation.  Those  interested  in  deeper 
sands  are  referred  to  general  works  on  the  deep  sands  of  northwestern 
Pennsylvania  (14,  15,  16). 


STRUCTURE 

Regional 

The  Titusville  quadrangle  lies  in  the  northwestern  part  of  the  Pitts- 
burgh-Huntington  synelinorium,  a broad,  shallow,  spoon-shaped  fold, 
whose  lowest  part  lies  in  West  Virginia.  AVell-defined  anticlines  and 
synelines  are  found  on  the  southeastern  side  of  this  synelinorium, 
but  on  the  northwestern  side  there  are  only  low  and  rather  irregular 
deviations  from  a general  southerly  and  southeasterly  dip. 

Local 

Structure  contours  have  been  drawui  on  the  top  of  the  Red  Valley 
sand  and  on  the  top  of  the  Third  Stray  sand.  The  latter  is  the  more 
widespread,  and  where  it  was  missing  the  proper  interval  (35  to  45 
feet)  was  added  to  the  elevations  of  the  Third  sand,  so  that  only  a 
small  area  in  the  northwestern  part  of  the  quadrangle  is  not  included 
in  the  structure  map. 

In  general,  the  sand  dips  nearly  dne  south,  from  an  elevation  of 
1,040  feet  at  the  northern  edge  of  the  quadrangle  to  about  630  feet 
at  the  southern  edge,  an  average  fall  of  23  feet  per  mile. 
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The  principal  structural  feature  within  the  ciuadraugle  is  a syucliue 
trending'  in  a northeasterly  direction.  It  enters  the  quadrangle  from 
the  south  near  Kaneville,  and  as  far  as  Miller  Farm  it  is  not  well- 
defined.  From  Miller  Farm  it  passes  between  Pleasantville  and  Enter- 
prise, leaving  the  quadrangle  about  a mile  north  of  Pineville. 

Southeast  of  this  syncline  the  sand  rises  to  an  anticlinal  axis  which 
is  well-defined  from  Xeiltown  to  Tyrrell  Farm  School,  but  becomes 
less  definite  toward  the  south.  This  is  the  continuation  of  the 
Fagundus  anticline  of  the  Tidioute  quadrangle  (1,  p.  4). 

Both  anticline  and  syneline  plunge  to  the  southwest,  and  there  is 
no  structural  closure  at  the  Third  Stray  sand  horizon. 

Faults  of  small  displacement  probably  occur  at  numerous  places  in 
the  quadrangle.  Half  a mile  south  of  Maple  Grove  School,  the  Third 
sand  of  the  Church  Run  streak  gently  rising  to  the  north,  is  dropped 
fifteen  feet  between  adjacent  wells,  probably  by  a fault.  The  wells 
were  drilled  by  a competent  and  thoroughly  reliable  driller,  and  the 
elevations  were  carefully  cheeked.  Unfortunately,  the  streak  is  only 
one  Avell  location  wide  at  this  point,  so  that  it  was  impossible  to 
determine  the  strike  of  the  fault  or  monocline. 

A small  reverse  fault,  Avhose  plane  dips  east  or  southeast  about  45° 
and  which  has  a vertical  displacement  of  six  feet,  is  exposed  along 
the  railroad,  about  1,500  feet  above  Miller  Farm  bridge,  four  miles 
south  of  Titusville.  Its  strike  appears  to  be  a little  east  of  north,  but 
could  not  be  determined  closely.  A similar  small  reverse  fault  with 
the  southeast  side  up  was  exposed  in  excavations  for  the  spillway  at 
the  Tionesta  dam,  three  miles  southeast  of  the  southeastern  corner 
of  the  quadrangle. 

Small  irregularities  in  the  surface  of  the  Third  Stray  sand  are 
noticed  where  that  sand,  or  the  underlying  Third,  is  abnormally  thick. 
South  of  Grand  Valley  the  thick  streaks  are  refleeted  in  wrinkles  on 
the  top  of  the  sand.  At  Dotyville  the  Third  Stray  sand  shows  a small 
dome  20  feet  high  over  the  thick  Third  sand.  There  is  a similar 
dome  at  Shamburg  and  anticlinal  wrinkles  over  the  Church  Run  and 
Octave  pools.  These  highs  are  due  to  the  fact  that  the  shales  have 
suffered  more  compaction  than  the  sandstones,  and  have  no  structural 
significance. 


OIL  GEOLOGY 
Accumulation  of  oil  and  gas 

'Within  the  Titusville  quadrangle  oil  and  gas  occur  only  Avhere 
there  are  sandstones  of  considerable  porosity  and  permeability,  and 
it  is  the  location  of  the  sandstone  beds  that  determines  the  location 
of  the  poofs.  Some  porous  beds  do  not  contain  oil  or  gas,  notably 
the  Corry  sandstone,  Avliich  crops  out  quite  generally  in  the  valleys 
in  the  quadrangle,  and  Avhich  usually  contains  fresh  Avater.  The 
First  Sand  formation.  Avhieh  crops  out  in  the  deep  glacial  valleys  in 
the  northern  part  of  the  quadrangle,  also  frequently  contains  fresh 
Avater.  Xo  extensive  sand  body  beloAv  the  First  sand  contains  salt 
Avater  to  the  exclusion  of  oil.  The  Second  sand  near  Shamburg  is 
reported  to  contain  salt  AA’ater,  and  there  are  seA^eral  districts  in  the 
Third  and  Third  Stray  sand  that  have  been  accidentally  flooded. 
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Structure  apparently  has  had  little  effect  in  segregating  oil  and 
water  within  the  quadrangle.  Naturally-encroaching  edgewater  has 
never  been  known  to  exist.  Connate  water  is  present  in  both  produc- 
tive and  non-productive  sand  beds,  as  shown  by  core  analyses,  but 
seldom  saturates  the  sand.  The  lack  of  segregation  between  water 
and  oil  may  be  ascribed  to  the  lenticularity  of  the  pay  sand  beds, 
which  can  seldom  be  traced  more  than  a few  hundred  feet  laterally, 
and  to  the  low  dip  of  the  strata.  Under  these  circumstances  gravity 
has  less  effect  than  the  capillary  pressures  of  the  fluids  (26). 

Gas,  however,  with  a much  lower  viscosity  and  a much  greater 
density  differential,  is  more  likely  to  be  segregated  by  structure.  It 
is  a general  rule  that  gas  is  or  has  been  more  abundant  at  the  north- 
ernmost, that  is,  the  higher  ends  of  the  various  sand  bodies. 


Petrography  of  the  sands 

Texture.  As  has  already  been  stated,  the  sands  range  from  an 
extremely  fine  and  silty  character  to  coarse,  pebbly  conglomerates. 
As  a genera]  rule  they  are  thoroughly  cemented  by  secondary  silica, 
and  may  be  properly  called  quartzites.  Thin  sections  show  that  the 
grains  are  cemented  by  secondary  silica  overgrowths,  wdiieh  partake 
of  the  crystal  axis  of  the  original  quartz  grains,  and  which  join  the 
adjacent  grains  in  an  irregular  manner,  frequently  resembling  the 
sutures  of  a jig-saw  puzzle.  The  surfaces  of  most  of  the  smaller 
cavities  are  bounded  by  plane  crystal  faces,  and  many  of  the  cavities 
are  completely  filled  with  caleite.  The  finer  the  grain  size  the  more 
complete  the  secondary  silica  cementation;  the  coarser  pebble  rocks 
are  in  places  quite  loose  and  friable,  and  the  pebbles  are  not  over- 
grown. In  some  coarse  soft  iiebble  rocks  small,  loose,  perfectly- 
shaped  quartz  crystals  are  common.  Many  of  the  pebbly  beds  con- 
sist of  pebbles  in  a hard  shaly  and  ferruginous  matrix.  Veins  of 
quartz  up  to  an  inch  in  thickness,  with  vugs  and  geode  cavities,  w^ere 
noted  in  two  cores.  In  another  core  small  veins  of  galena  havp 
been  found. 

Grain  size.  Numerous  screen  analyses  of  the  sands  of  the  Venango 
group  have  been  made.  Fettke  (17)  has  tabulated  twenty  from  the 
First  sand  at  Hamilton  Corners.  These  have  been  plotted  as  histo- 
grams in  Figure  1. 

William  L.  Hershelman  in  1937  made  screen  analyses  of  oil  sands 
of  the  Goodwill  Hill  district.  Eight  of  these  are  plotted  in  Figure  2. 

The  histograms  show  the  great  variation  in  size  of  the  particles. 
However,  several  show  a remarkable  degree  of  sorting.  Some  samples 
have  50  pei’cent  or  more  of  the  grains  in  one  or  two  grades,  most 
commonly  between  0.1  and  0.2  millimeters. 

Because  of  the  secondary  silica  cementation  it  is  difficult,  if  not 
impossible,  to  make  an  accurate  grai)i-size  analysis.  The  fine  grades 
consist  partly  of  crushed  grains,  and  the  coarser  grades  consist  partly 
of  aggregates,  which  are  impossible  to  reduce  without  further  crush- 
ing. Because  of  this  cementation,  it  is  questionable  whether  attempts 
to  relate  grain  size  and  porosity  or  permeability  in  the  Venango  sands 
will  yield  important  results. 


OIL  GEOLOOY 


17 


kl 

Pw66x 


” o 


Fbr^SK 


Pty.l7.IX 


” O 

— o 


-55 

u 

o 

-s 


—5 
— o 


Ry.03X 


Ry.iani 


ftr.ui.Tx 


f^T  4Z9X 


Figure  1.  Grain-size  histograms  of  First  Sand  near  Hamilton  Corners. 

(After  C.  R.  Fettke) 


Cot)ipositio)i.  The  pebbles  are  principally  white  (jiiartz.  Yellow 
quartz  is  common  and  red  .jasper  is  rare.  Praginents  of  igneous  and 
metamorphic  rocks  are  absent  or  exceedingly  rare.  The  sand  grains 
are  clear  quartz,  and  feldspars  are  comparatively  rare.  Muscovite 
mica  is  abundant.  Ilmenite  and  magnetite  are  common.  Hematite, 
limonite,  siderite,  and  pyrite  are  abundant  and  doubtless  authigenic, 
that  is,  formed  in  place  by  percolating  solutions,  and  not  deposited 
as  water  borne  grains  like  the  quartz.  Heavy  minerals  are  scarce 
and  show  remarkabl.v  few  species.  Zircon  and  tourmaline  constitute 
the  bulk  of  them.  The  tourmalines  are  of  various  colors  and  occa- 
sionall.v  show  euhedral  overgrowths  on  rounded  grains,  hlarite  is 
locall.v  common  and  is  nndoubtedl.v  authigenic.  The  titanium  min- 
erals, rutile,  anatase,  and  brookite  are  present  in  nearl.v  ever.v  sample. 
CTarnet,  chlorite,  and  zoisite  are  rare.  The  heavy  minerals  in  samples 
from  a well  in  the  Goodwill  Hill  district  are  shown  in  table  2 as  per- 
cent of  total  nonopaque  heavy  minerals. 
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Figure  2.  Grain-size  histograms  of  First  and  Third  Sands  in 
Goodwill  Hill  District.  (After  W.  L.  Hershelman) 

The  striking  features  of  the  heavy  mineral  suite  are  (a)  its  remark- 
able constancy  iti  percentage  and  (b)  its  lack  of  any  but  the  more 
resistant  species  of  minerals.  These  indicate  that  the  source  of  the 
sands  of  the  Upper  Devonian  through  the  Mississippian  was  essen- 
tially the  same,  and  that  it  consisted  almost  entirely  of  sedimentary 
rocks,  or  of  a sedimentary  series  which  has  been  only  slightly 
metamorphosed  (20).  If  the  sands  had  been  derived  from  either  an 
igneous  or  metamorphic  mass  there  would  have  been  far  more  variety 
of  minerals,  and  in  particular,  hornblende,  epidote,  andalusite,  silli- 
manite,  and  eyanite  should  have  been  common.  Of  several  thousand 
grains  identified,  there  was  one  doubtful  hornblende  and  a few  doubt- 
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TABLE  2. 

Heavij  minerals  in  drill  cuttings  from  oil  well  on  Goodwill  Hill* 


Depth 

Horizon 

Zircon 

Tourmaline 

Rutile 

0 

Vj 

a 

< 

0 

2 t 

C G 

C t- 

S! 

0 

^ '0 

Barite 

2 5 

c: 

c 

k- 

C 

B s 

6S-72 

Shenango  shales  --  -- 

26  61 

4 

3 

1 

4 

% 

% 

SO-.Sl 

.Shenango  ss.  

21  61 

9 

2 

9, 

3 

1 

% 

106-Ul 

Shenango  ss.  

19  61 

8 

3 

9 

0 

1 

171-176 

1 1 - 

17  56 

14 

6 

3 

2 

1 

221-226 

1 C uyahoga  } 

26  57 

5 

4 

4 

4 

246-251 

^ group  \ 

2?  59 

4 

V3 

2 

2 

10 

261-266 

Corry  ss.  

13  59 

17 

3 

4 

1 

V2 

% 

1 

276-281 

Corrv  ss.  --  

15  70 

1 

3 

1 

V2 

1 

.233-338 

Cussewago  ss.  

17  62 

9 

6 

3 

2 

1 

366-371 

Cussewago  ss.  

17  57 

s 

9 

1 

V2 

% 

8 

445—450 

RiceviJIe  sh.  

16  65 

lU 

5 

2 

¥2 

% 

502-50S 

First  sand 

9 1 74 

12 

3 

2 

V2 

2 

’Percent  of  total  non-opaque  crop.  Opaques  not  counted. 


fill  sillimaniles.  The  presence  of  traces  of  chlorite  and  zoisite  indi- 
cates that  perhaps  a very  small  proportion  of  the  material  was  derived 
from  a metamorphie  series,  but  these  may  also  have  survived  a period 
of  enclosure  in  older  sedimentary  beds. 

The  sands  have  thus  passed  through  at  least  one  cycle  of  previous 
transportation  and  deposition.  They  may  have  been  lithified  pre- 
viously, since  some  pebbles  consist  of  ciuartzite.  They  would  be  ex- 
pected to  be  thoroughly  rounded,  but  are  exceedingly  angular  in 
shape.  This  angularity  is  due  to  the  secondary  silica  overgrowths, 
and  to  the  unavoidable  crushing  in  reduction  to  grain  size. 

Porosity  and  permeahility . The  porosity  and  permeability  of  the 
sands  of  the  Venango  series  are  exceedingly  variable.  The  porosity 
ranges  from  5 percent  or  less  to  a maximum  of  about  20  to  25  percent. 
The  average  for  the  producing  sands  is  in  the  neighborhood  of  15 
percent.  The  permeabilities  range  from  essentially  zero  for  the  fine, 
silty,  shaly  sandstones  to  4,000  millidarcies  for  the  coarse  pebbly  sands. 
The  pebble  beds  are,  however,  frequently  thoroughly  cemented  with 
shale  and  ferruginous  material,  and  may  have  very  low  permeabilities. 
]\Iost  of  the  best  productive  sands  range  between  10  and  500  mil- 
lidarcies in  permeability. 

Several  hundred  cores  have  been  taken  within  the  Titusville  quad- 
rangle. As  a rule  samples  are  tested  for  permeability  every  four  to 
six  inches,  and  for  porosity  and  oil  and  water  content  every  foot  or 
two,  depending  on  the  lithology  of  the  sand.  Characteristic  core 
analysis  profiles  of  two  wells  300  feet  apart  in  the  Goodwill  Hill  pool 
are  shown  in  Figure  3 and  of  two  wells  near  Pioneer  in  Figure  4. 

Oil  content.  The  oil  content  is  determined  by  various  methods, 
and  usually  expressed  as  saturation,  or  percent  of  total  pore  space 
occupied  bj'  oil.  The  laboratory  which  has  analyzed  most  of  the 
cores  used  in  compiling  the  reserve  estimates  in  this  report  extracts 
the  oil  with  a solvent,  usually  carbon  tetrachloride,  and  the  resulting 
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Figure  3.  Characteristic  core  analysis  profiles  of  two  wells  about 
300  feet  apart  in  the  Goodwill  Hill  District. 
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solution  is  compared  colorimetrieally  with  standard  solutions  of  the 
same  oil.  The  value  is  cheeked  by  the  loss  in  weight  of  the  sample 
and  the  amount  of  water.  The  latter  is  determined  by  extraction 
with  xylene  according  to  A.S.T.i\I.  standards.  Other  laboratories  use 
the  retort  methods  of  determining  oil  and  water. 

The  oil  content  of  the  producing  sands  ranges  from  10  or  12  per- 
cent to  40  or  50  percent  of  pore  volume  saturation,  although  most 
analyses  show  less  tlian  30  percent.  It  is  (piestionable  whetlier  much 
oil  will  be  produced  from  a sand  less  than  20  percent  saturated.  Ex- 
pressed as  barrels  per  acre-foot,  the  oil  content  ranges  from  100  to 
350  or  400,  with  an  average  for  all  sands  between  250  and  275  barrels 
per  acre-foot.  Cored  wells  showing  an  average  of  less  tlian  150 
barrels  per  acre-foot  produced  very  little  oil. 

Water  content.  The  water  content  ranges  usually  from  40  to  60 
percent.  The  ■\\ater  saturation  has  an  important  influence  on  re- 
covery by  air  drive.  It  seems  likely  that  the  oil  saturation  can  be 
reduced  to  20  percent  or  less  only  when  some  water  is  present,  so 
that  a considerable  amount  of  the  grain  surface  is  wet  with  water. 
With  high  water  saturations,  however,  the  permeability  of  the  rock  to 
oil  becomes  very  low,  and  little  or  no  oil  can  be  recovered. 

There  are  few  places  in  the  quadrangle  where  only  salt  water  is 
produced  from  a sand.  The  Second  sand  often  produces  considerable 
quantities  of  salt  water,  and  electric  logs  indicate  that  the  water 
may  be  confined  to  certain  beds.  In  nearly  all  fields  a good  deal  of 
salt  water  is  produced  with  the  oil,  but  it  is  not  known  whether  it  is 
coming  from  the  same  beds  as  the  oil  or  from  adjacent  strata. 

Esliniation  of  Reserves 

In  making  estimates  of  the  reserves  of  oil  in  the  Titusville  quad- 
rangle, the  analyses  of  more  than  500  cores  were  used.  These  are 
fairlj’  well  distributed  throughout  the  quadrangle  and  are  lacking  only 
from  the  Breedtowu  pool. 

For  every  sand  but  the  First  sand,  the  sand  thickness  maps  were 
divided  into  small  areas  to  which  were  assigned,  on  the  basis  of  the 
cores,  a certain  number  of  barrels  per  acre-foot.  Each  small  area 
was  then  measured  by  planimeter  and  the  area  in  acres  multiplied  by 
the  average  thickness  and  the  number  of  barrels  per  acre-foot.* 
Studies  based  on  both  laboratory  work  and  field  evidence  have  indi- 
cated that  only  the  oil  in  excess  of  150  barrels  per  acre-foot  is  recover- 
able. A separate  computation  was  made,  using  the  number  of  barrels 
per  acre-foot  in  excess  of  150,  to  determine  the  amount  of  oil  recover- 
able by  secondary  methods  of  recovery  now  in  use.  This  figure  will 
be  larger  than  the  actual  expected  recovery,  since  to  reduce  the  oil 
content  to  near  150  barrels  per  acre-foot  requires  close  well  spacing 
and  intensive  application  of  air,  gas,  or  other  secondary  recovery 
medium. 

The  method  of  estimating  reserves  by  computing  the  number  of 
acre-feet  iu  small  areas  could  not  be  applied  to  the  First  sand,  since 
the  sand  bodies  are  so  irregular  that  it  was  impossible  to  draw  thick- 


* Values  assigned  ranged  Irom  200  to  350  barrels  per  acre-foot. 


FIRST  SAND  fIRST  SAND 

Per  cent  pcre  spoce  occupied  by  orl  Rrosity  r per  cent  RsrmeoUrfy  in  mllidor 
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Figure  4.  Characteristic  core  analysis  profiles  of  two  wells  about 
300  feet  apart  in  the  Pioneer  District. 
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ness  maps.  The  First  sand  was  divided  into  similar  small  areas,  a 
total  barrels-per-acre  value  assigned  to  each  area,  and  the  total  oil 
in  each  area  computed.  Since,  for  the  other  sands,  the  oil  in  excess 
of  150  barrels  per  acre-foot  averaged  about  40  percent  of  the  total, 
it  was  assumed  that  40  percent  of  the  oil  in  the  First  sand  is 
recoverable. 

It  is  considered  unwise  to  present  reserve  estimates  completely 
broken  down  into  different  pools,  since  an  error  in  assigning  the 
proper  value  to  a district  might,  if  published,  cause  an  undeserved 
appreciation  or  depreciation  of  its  value.  Estimates  for  certain  of 
the  more  important  individual  pools  are  shown.  The  reserve  estimates 
have  been  based  on  all  the  information  available  and  have  been  pre- 
pared with  care.  They  are  believed  to  be  as  accurate  as  possible  at 
the  present  time. 

TABLE  3. 

Reserves  rjf  oil  in  the  Titusville  Qundranrile. 


Productive 

Total  oil, 

Recoverable  oil. 

Sand 

acreage 

barrels 

barrels 

First  

14..j80 

64,460,000 

25,784,000 

Eed  Valley  

8,897 

43,494,000 

19,921,000 

Second  

9,595 

46,240,000 

19,200,000 

Third  Stray,  Black  Oil  District 

8,170 

19.793,200 

7,110,000 

Third  Stray  Elsewhere  

16,635 

57,360,000 

21,101,000 

Third  

18,513 

125.249,500 

46,492,600 

7G,390'''- 

356,596.700 

139,608,600 

• Total  acreage  of  sands.  Actual  productive  area  is  42,830  acres. 


E conomicall y recoverable  reserves.  Although  it  is  probably  physi- 
cally possible  to  recover  about  140,000,000  barrels  of  oil  from  the 
Titusville  ciuadrangle,  it  is  doubtful  whether  it  will  ever  be  eco- 
nomically profitable  to  do  so. 

It  is  clear  that  for  a repressuring  operation  the  investment  in  wells, 
plant,  and  operating  expenses  will  be  approximately  the  same  for 
any  acreage,  but  the  oil  produced  will  depend  on  the  thickness  of  the 
pay  sand  and  its  oil  content.  Thus  different  leases,  for  any  particular 
price  of  oil,  may  be  classed  as  profitable,  paying,  or  unprofitable. 
Certain  leases  are  profitable  at  a price  of  oil  of  $1.75  a barrel,  while 
others  would  be  unprofitable  to  operate  at  $4.00  a barrel.  Many 
leases  in  the  quadrangle  may  be  classified  as  marginal,  that  is,  profit- 
able to  operate  only  when  the  price  of  oil  is  high.  These  facts  should 
be  borne  in  mind  by  those  desiring  to  invest  money  in  the  area.  The 
actual  oil  content  of  any  lease  may  be  estimated  by  studying  the 
production  history  and  well  records,  and  may  be  determined  with 
some  assurance  by  drilling  and  coring  one  or  more  wells. 

The  estimate  of  reserves  given  above  may  therefore  be  misleading. 
For  example,  ten  feet  of  sand  with  a recoverable  oil  content  of  100 
barrels  per  acre-foot  might  be  profitable  to  opei’ate  if  there  were 
twenty  feet  of  another  good  sand  above  or  below  it,  but  quite  un- 
profitable alone.  The  economically  recoverable  reserves  in  1940  are 
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a rather  sniall  fraction  of  the  physically  recoverable  reserves,  but 
they  might  be  doubled  or  tripled  by  an  increase  of  $1.00  a barrel  in 
the  price  of  oil. 


PRODUCING  OIL  SANDS 

GL.XCIAL  S.ANDS 

Oil  was  found  on  Watson  Flats  at  a depth  of  15  feet  in  glacial 
gravels,  in  April  1877.  The  sand  and  gravel  filling  the  valley  is 
capped  by  a layer  of  impervious,  tough,  blue  clay.  It  was  suggested 
by  Carll  (9,  p.  425)  that  the  oil  seeping  up  from  the  underlying  oil 
series  was  trapped  under  the  impervious  clay  in  a small  reservoir. 
Only  a little  over  an  acre  proved  productive,  and  Carll  estimated  in 
1879  that  about  ten  or  twelve  thousand  barrels  had  been  recovered. 

BEDS  ABOVE  VENANGO  S.AND  GROUP 

The  Corry  and  Cussewago  sandstones,  or  their  probable  equivalents, 
yield  oil  and  gas  in  districts  to  the  south  and  east  of  Titusville,  but 
there  is  no  record  of  their  having  contained  appreciable  quantities  of 
oil  or  gas  within  the  quadrangle. 

The  Drake  well,  drilled  in  1859,  was  completed  August  27  at  a 
depth  of  691/2  f^et.  The  producing  sand  was  undoubtedly  a stray 
sand  in  the  lower  part  of  the  Riceville  shale.  Thin,  fine  sands  were 
}ioted  in  the  samples  and  electric  logs  at  about  this  horizon.  A well 
drilled  in  1939  (257  on  map)  about  half  a mile  north  of  the  Drake 
well  encountered  a 2-foot  sand  at  this  horizon,  which  produced  water 
and  a small  amount  of  oil.  The  oil  was  black,  viscous,  and  with  an 
A.  P.  I.  gravity  of  28°.  The  sand  undoubtedly  crops  out  under  the 
drift  a short  distance  to  the  north,  and  it  is  likely  that  the  water  in 
the  buried  valley  provided  the  pressure  necessary  to  force  the  oil 
up  Drake’s  well.  The  Drake  well  produced  from  eight  to  ten  barrels 
a day  for  some  months. 

A general  discussion  of  the  Venango  sand  group  will  be  found  in 
a previous  section.  The  following  sections  discuss  the  sands  as  they 
are  found  in  the  various  producing  districts. 


FIRST  SAND 

CroodivlU  Hill-Grund  VuUcy.  In  the  northeastern  quarter  of  the 
quadrangle  the  First  sand  has  been  productive  at  many  localities, 

Two  miles  north  of  Cutler  School  much  gas  and  some  oil  were 
found  in  numerous  small  pools  about  1920.  One  well  produced  several 
million  cubic  feet  per  day  when  first  drilled  in,  and  a pipe  line  was 
built  to  Erie  but  the  well  was  exhausted  in  a feAv  months.  In  places 
the  sand  is  20  to  30  feet  thick  but  the  pools  are  of  small  area. 

About  %.  mile  north  of  Cutler  School  is  an  irregular  pool  elongated 
in  an  east-west  direction  covering  about  200  acres.  The  sand  is 
recorded  to  be  20  to  40  feet  thick.  In  the  ea.stern  part  there  are 
two  pay  beds,  separated  by  shale,  the  upper  of  which  is  pebbly.  To 
the  southeast  are  two  small  active  pools  and  one  abandoned,  with  a 
combined  area  of  80  acres. 


FIllST  SAND  I’(){)LS 


2.5 

A somewliat  larger  pool  southeast  of  Cutler  School  has  a productive 
area  of  about  220  acres.  Several  cores  taken  in  the  pool  show  the 
aggregate  of  the  productive  beds  to  be  as  much  as  35  feet.  The 
upper  part  is  usually  quite  pebbly,  the  lower  part  only  occasionally  so. 

About  % mile  northeast  of  Selkirk  is  a pool  which  is  principally 
productive  in  the  Third  sand,  but  some  First  Sand  oil  also  is  produced. 

Southwest  of  Grand  Valley  1%  miles  is  a pool  trending  southeast 
and  covering  about  120  acres.  The  First  sand  consists  of  alternating 
shale,  sandy  shale,  and  .sandstone,  with  some  pebbles  at  the  base  only. 
The  sand  body  is  cut  to  the  south  by  the  valley  of  Caldwell  Creek, 
where  it  crops  cut  under  the  valley  fill. 

Southeast  of  Caldwell  Creek  Valley  is  a large  and  irregular  area 
where  the  First  sand  is  productive.  The  sand  is  extremely  variable, 
and  the  thickness  shown  in  the  well  records  changes  greatly  within 
a few  hundred  feet  laterally.  The  “pay”  beds  seem  to  occur  more 
persistently  in  the  lower  part  of  the  sand,  but  in  many  places  the 
whole  section  is  shaly  and  impermeable.  Pebbles  are  very  rare  within 
the  formation,  but  are  often  found  in  the  top  and  base. 

Production  from  this  sand  is  of  fairly  recent  date.  During  the 
early  drilling,  the  Third  Stray  sand  was  the  objective,  and  most  of 
the  older  records  do  not  sho5v  the  First  sand  as  present.  The  produc- 
tive area,  with  outliers,  embraces  2,750  acres,  and  is  estimated  to 
contain  17,000,000  barrels  of  oil,  of  which  40  percent  or  6,800,000 
barrels  are  estimated  recoverable. 

rieamntviUe  yool.  The  largest  First  Sand  pool  lies  west  and  south 
of  Pleasantville.  In  the  northwest  lobe  the  basal  part  of  the  sand  is 
rather  consistently  a coarse  sandstone,  pebbly  in  certain  beds.  The 
upper  part  is  variable  and  freqirently  shaly  and  not  shown  in  the 
well  records.  In  places  an  upper  pay  is  separated  by  ten  feet  of 
shale  from  the  lower  pay.  The  sand  is  characteristically  coarse  and 
has  an  unusually  high  porosity,  from  19  to  23  percent.  The  per- 
meability ranges  up  to  1000  md. 

South  of  Pleasantville  the  sand  is  generally  present,  although  not 
so  rich.  It  consists  principally  of  alternating  beds  of  shale,  sandy 
shale,  and  sandstone.  Well  logs  record  20  to  40  feet  of  sand,  but  the 
aggregate  of  actual  paj^-sand  beds  is  much  less,  seldom  reaching 
20  feet. 

In  the  northern  lobe,  and  to  a lesser  extent  in  the  southern  part, 
the  pool  is  operated  with  air  drive.  It  is  estimated  to  embrace  4,40f) 
acres  with  a total  oil  content  of  16,930,000  barrels,  of  which  perhaps 
40  percent,  or  6,772,000  barrels  is  recoverable. 

An  outlying  pool  D/o  miles  west  of  Jerusalem  Corners  contains  up 
to  25  feet  of  pay  sand,  in  places  porous  and  well  saturated. 

Asinry  Chapel.  Near  the  eastern  edge  of  the  quadrangle  are  three 
pools  of  First  sand  oil;  south  of  Neilltown,  east  of  Asbury  Chapel, 
and  northeast  of  Washington  School.  Some  of  these  pools  have  been 
shown  by  cores  to  be  (juite  rich,  but  the  good  sand  is  of  limited  extent. 
Some  First  sand  is  also  recorded  in  the  Cashup  district.  Altogether 
these  pools  underlie  92(J  aeres  and  are  estimated  to  contain  3,980,000 
barrels  of  oil,  of  5vhich  perhaps  1,600,000  are  recoverable. 
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Shamhurg-PitJiole.  South  of  the  Pleasantville  pool,  and  possibly 
continuous  with  it,  is  a long  but  rather  narrow  area  extending  from 
Shamburg  to  Pithole,  under  which  the  First  sand  is  productive.  In 
the  western  lobe  well  records  show  as  much  as  40  feet  of  sand,  but 
only  a small  portion  is  pay.  In  the  southern  lobe  10  to  30  feet  of 
sand  are  recorded,  but  cores  have  shown  it  to  be  quite  shaly,  except 
for  certain  rather  rich  localities.  North  of  Pithole  the  First  sand  has 
been  known  locally  as  the  Quinn  sand.  The  total  area  contains 
1,310  acres,  and  the  sand  is  estimated  to  coutaiii  4,770,000  barrels  of 
oil,  of  which  1, DOS, 000  is  recoverable.  The  sand  is  reported  to  contain 
water  along  the  concave  southern  edge  of  the  pool. 

Pools  in  southern  -part  of  quadrangle.  The  First  sand  is  generally 
present  in  the  southwestern  part  of  the  quadrangle,  and  is  locally 
productive.  Core  analyses  range  between  a few  hundred  and  seven 
thousand  barrels  per  acre. 

The  First  sand  is  productive  in  several  places  in  the  vicinity  of 
Russell  Corners  where  well  x-ecords  show  40  to  60  feet  of  sand,  of 
which  occasionally  as  much  as  30  feet  is  pay. 

XoxTli  of  Oakland  Church  is  a pool  of  Fii’st  Sand  oil  . The  pay  sand 
is  in  the  lower  part  of  the  formation,  and  ranges  from  9 to  over  20 
feet  in  thickness.  It  is  usually  called  the  Amber  sand  in  this  district. 

These  pools  total  2,6.70  acre's  and  contain  about  9,000,000  barrels 
of  oil,  of  which  3,620,000  may  be  recoverable. 

Cherrgtree  Township.  Throughout  most  of  Cherrytree  Township 
are  small  scattered  spots  where  the  Fii'st  sand  is  productive.  A small 
productive  area  about  one  mile  north  of  Cheri’ytree  was  discovered 
in  1939.  The  most  important  pool  is  in  the  vicinity  of  Prather 
School,  where  there  may  be  30  to  40  feet  of  pay  sand.  The  upper 
part  frequently  contains  fine  pebbles  and  has  thin  shale  beds.  The 
lower  part  is  in  places  clear  soft  sand.  Both  poi’osities  and  per- 
meabilities run  higher  than  normal,  and  the  sand  is  well  saturated. 
Pebbles  are  occasionally  found  in  the  small  pools  to  the  east,  but  the 
sand  is  generally  shaly  and  with  a low  porosity.  The  pools  aggregate 
1,000  acres,  and  contain  about  4,300,000  barrels  of  oil,  of  which  1,720,- 
000  barrels  are  recoverable. 

Northwestern  part  of  quadrangle.  AVell  records  show  the  First 
sand  to  be  present  throughout  most  of  the  northwestern  part  of  the 
quadrangle.  It  is  generally  reported  but  usually  full  of  water  in  the 
Church  Run  pool  north  of  Titusville.  Scattered  wildcat  wells  in 
Rome  Township  usually  record  it  as  present,  sometimes  with  small 
amounts  of  gas  and  a show  of  oil,  and  usually  with  considei’able  quan- 
tities of  fresh  water.  There  are  no  commercially  productive  pools. 


RED  VALLEY  SAND 

In  the  Carsonville,  Pineville,  and  Neilltown  districts  the  sand  is 
mostly  massive  (“clear”),  especially  in  the  upper  part.  There  are 
occasional  shale  breaks  and  some  pebbly  beds.  The  latter  may  be 
anywhere  in  the  sand  bixt  are  characteristically  near  the  top  or  bottom. 
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more  often  near  the  bottom.  The  permeability  is  usually  ratlier 
low,  seldom  as  mneh  as  300  millidareies.  The  porosity  is  15  to  IH 
percent,  the  oil  saturation  25  to  27  percent,  and  the  average  oil  con- 
tent from  250  to  350  barrels  per  acre-foot. 

From  Pleasantville  to  Pithole  the  sand  is  very  similar.  Pebbles 
are  generally  found  near  the  base,  except  along  Pithole  Creek  north 
of  Pithole  where  they  may  be  found  throughout  the  bed.  The  oil 
content  ranges  from  200  to  300  barrels  per  acre-foot. 

Southeast  of  the  main  productive  belt  the  sand  is  somewhat  thinner, 
seldom  reaching  20  feet  in  thickness.  The  sand  is  apt  to  be  hard, 
relatively  impermeable,  and  frequently  broken  by  shaly  beds.  Al- 
though there  is  very  little  production  in  this  area,  much  of  the  sand 
is  possibly  oil-bearing.  The  general  lack  of  gas  pressure  and  the  im- 
permeability of  the  sand  make  its  development  unprofitable. 

The  oil  is  of  an  amber  color  and  the  A.  P.  I.  gravity  ranges  from 
45°  to  48°.  i\Iost  of  the  oil  production  comes  from  leases  which  have 
been  subjected  to  air  drive,  either  with  air  alone  or  air  and  gas. 

The  Fed  Valley  sand  is  productive  over  an  area  of  8,900  acres.  It 
is  estimated  that  there  are  present  in  the  sand  43,500,000  barrels  of 
oil,  of  which  20,000,000  would  be  recoverable  by  intense  application 
of  air  drive. 

The  Red  Valley  sand  apparently  derives  its  name  from  a district 
near  Rockland  Station  on  the  Allegheny  River  above  Emlenton.  It 
is  called  the  Rosenberry  sand  in  northern  Butler  County  (2).  Be- 
tween Pleasantville  and  Tidioute  it  is  generally  known  as  the  Second 
sand  (1).  Near  Pleasantville  it  is  commonly  called  the  Lytle  sand. 
Since  over  a large  part  of  the  productive  area  around  Oil  City  it  is 
called  Red  Valley,  and  since  the  name  has  seldom  heen  ]nisa]nplied, 
it  is  suggested  that  the  name  is  the  most  snital)le  for  this  sand  in  tln^ 
Venango  lields. 


SECOND  (S.VLT)  S.VND 

East  of  Pleasantville  the  Second  sand  ranges  from  10  to  20  feet  in 
thickness.  Characteristically  a bed  of  pebbles  is  at  the  top.  The 
middle  part  ]s  usually  massive  sand,  and  the  lower  part  is  often 
pebbly,  though  in  places  it  becomes  shaly. 

South  and  southeast  of  Pleasantville  usually  the  upper  part  of 
the  sand  is  uniform  with  a permeability  of  about  50  millidareies,  and 
the  lower  part  is  apt  to  be  broken  with  beds  of  shale.  There  is  fre- 
quently a pebbly  bed  in  the  middle. 

In  the  Shamburg  area  the  sand  is  present  but  as  a rule  contains 
much  water.  Some  gas  is  present,  apparently  localized  by  the  small 
dome  that  results  from  the  humping  of  the  sand  over  the  thick  Third 
Sand  body  below. 

Farther  south  an  irregular  productive  area  extends  from  Pioneer 
east  and  south  about  4 miles.  The  sand  is  uniform  but  hard  and  with 
a permeability  usually  below  20  millidareies. 

In  the  neighborhood  of  Columbia  Farm  there  is  usually  a bed  of 
well-cemented  pebbles  at  the  top,  and  the  sand  is  divided  into  two 
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parts  by  a shalj^  zone  which  frequently  contains  pebbly  beds.  The 
upper  zone  is  harder,  less  permeable,  and  with  lower  oil  content. 

Southeast  of  the  productive  belt  the  sand  is  usually  present,  but  is 
apt  to  be  hard  and  shaly.  Beds  of  red  and  green  shale  and  sand- 
stone seem  to  replace  the  white  and  gray  sandstone.  These  are  more 
brightly  colored  than  the  red  shales  above  the  First  sand,  and  may 
be  the  westerly  edge  of  the  Cattaraugus  red  facies  of  McKean  and 
Warren  counties. 

The  Second  sand  is  perhaps  the  most  uniform  of  all  the  sands.  Its 
permeability  is  generally  low,  seldom  being  over  100  millidarcies  and 
usually  below  30  millidarcies.  The  oil  is  heavier  than  in  the  other 
sands,  ranging  from  38°  to  45°  A.  P.  I.  and  is  dark  colored.  Secondary 
recovery  by  air  drive  has  usually  been  successful  where  the  per- 
meability is  not  too  low.  Comparatively  high  pressures  (200-300  lb. 
per  sq.  in.)  are  required. 

In  the  Titusville  quadrangle  the  Second  sand  is  productive  under 
about  9,600  acres.  It  is  estimated  that  there  are  46,240,000  barrels 
of  oil  in  the  sand.  The  average  oil  content  in  the  productive  areas 
is  240  barrels  per  acre-foot,  of  which  100  barrels  per  acre-foot  is  the 
greatest  recovery  which  can  be  expected  from  intensive  air  drive  de- 
velopment. Since  the  average  thickness  of  sand  is  20  feet  there  are 
thus  about  19,200,000  barrels  of  recoverable  oil. 

The  Second  sand  was  the  second  productive  sand  encountered  in 
the  early  drilling  along  lower  Oil  Creek,  whence  its  name.  East  of 
Pleasantville  the  Red  Valley  sand  is  present  above  it,  and  was 
erroneously  called  the  Second  sand  by  the  drillers,  the  true  Second 
50  feet  below  being  called  the  Salt  sand.  This  terminology  is  uni- 
versal between  Pleasantville  and  Tidioute,  and  was  therefore  followed 
in  Bulletin  118  on  the  Tidioute  Quadrangle  (1).  From  Pleasantville 
southwest  to  Oil  City  and  Franklin  the  lower  sand  is  called  Second 
sand,  and  since  this  terminology  both  has  priority  and  covers  a wider 
area,  it  will  be  given  preference. 


THIRD  STRAY  S.VXD 

Goodwill  Hill-Grand  Talley  yool.  The  Goodwill  Hill-Grand  Valley 
pool,  with  its  outliers,  covers  about  7,400  acres  in  the  northeast  part 
of  the  quadrangle.  Although  the  First  sand  is  productive  in  certain 
areas,  the  greater  part  of  the  production  in  this  district  is  from  the 
Third  Stray  sand.  Since  in  this  area  the  sand  is  irregular,  reaching 
30  feet  or  more  in  thickness,  in  contrast  to  the  thin  and  regular 
character  of  the  Third  Stray  sand  along  lower  Oil  Creek  and  Pleasant- 
ville, it  was  considered  to  be  the  Third  sand  by  the  early  drillers  and 
is  still  so  called.  Small  lenses  of  the  true  Third  sand,  occasionally 
productive,  are  found  in  places  below  the  base  of  the  main  producing 
horizon  and  are  called  Fourth  sand. 

Essentially  the  pool  consists  of  long,  narrow  streaks  or  belts  of  thick 
sand,  striking  N.30°E.  in  the  north  part  and  N.65°E.  in  the  south 
part.  Between  the  belts  the  sand  is  about  half  the  maximum  thick- 
ness in  the  thick  parts,  and  becomes  much  more  shaly,  and  much  less 
permeable  and  productive. 


THIRD  STRAY  SAND  POOLS 
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Northwest  of  a line  striking  N.55°E.  passing  tlirongh  the  borough 
of  Grand  Valley  the  sand  is  thin  or  absent  and  is  not  reported  in 
well  records.  Southeast  of  this  line  the  streaks  begin.  They  are 
about  60  feet  thick  in  the  thickest  places  east  and  southeast  of  Grand 
Valley,  and  become  successively  thinner  to  the  southeast.  It  appears 
that  the  thickening  took  place  partly  at  the  bottom  of  the  sand,  so 
that  the  base  of  the  sand  descends  until  it  joins  the  top  of  the  Third 
(there  called  Fourth),  giving  an  exaggerated  thickness  in  some  places. 
Where  this  took  place  it  is  seldom  possible  to  distinguish  the  true 
Third  sand.  Due  to  differential  compaction  of  the  sands  and  shales, 
the  top  of  the  sand  is  higher  over  the  thick  belts  than  between  them, 
so  that  the  subsurface  contours  show  small  anticlinal  wrinkles,  which 
have,  of  course,  nothing  to  do  with  structure. 

East  of  Grand  Valley  there  is  60  feet  of  this  sand.  The  first  three 
feet  are  fine  to  coarse  white  pebbly  sandstone  with  thin  beds  of  sandy 
shale.  There  follow  8 feet  of  fine,  irregularly  bedded  and  lumpy 
shaly  sandstone.  Below  are  10  feet  of  medium-grained,  rather  homo- 
geneous sandstone  with  scattered  small  cpiartz  pebbles.  Below  is  12 
feet  of  sandstone  with  thin  shaly  streaks,  pebbly  in  certain  beds.  A 
one-foot  bed  of  sandy  shale  may  mark  the  base  of  the  Third  Stray. 
There  follow  about  20  feet  of  pebbly  sandstone,  with  beds  of  medium 
to  fine  sandstone  and  sandy  shale.  At  the  base  there  are  always  a 
few  feet  of  pebbly  sandstone  with  abundant  fragments  of  black  lignitic 
wood.  Below  the  base  is  dark  gray  shale  with  some  sandy  shale.  The 
porosity  averages  13  percent  and  the  permeability  is  usually  less  than 
500  millidarcies  except  in  the  coarser  beds,  where  it  may  reach  2,000. 

Farther  southeast  the  sand  becomes  thinner  and  contains  fewer 
pebbly  beds  and  more  shale.  In  the  center  of  the  field,  where  the 
streaks  are  about  40  feet  thick,  the  sand  consists  of  beds  of  fine,  hard, 
white  sandstone,  with  thinner  beds  of  sandy  shale,  usually  irregularly 
bedded  and  lumpy.  Pebbles  are  usually  present  at  the  top  and 
bottom,  where  they  may  be  cemented  tightly  in  a shaly  matrix.  The 
permeability  ranges  from  10  to  500  md.,  the  porosity  averages  15 
percent  and  the  saturation  ranges  from  20  to  29  percent,  which  is 
better  than  the  average  for  the  quadrangle.  Intensive  air  drive  has 
been  very  successful  in  this  part  of  the  field. 

About  1,500  feet  southeast  of  Goodwill  Hill  Town  Hall  the  sand 
is  less  than  20  feet  thick,  and  there  is  a narrow  belt  where  it  is  com- 
paratively unproductive.  South  of  this  point  the  sand  thickens  again, 
although  the  streaks  are  less  pronounced.  There  are  three  or  four 
streaks  to  the  southeast,  the  last  two  more  than  40  feet  thick.  Near 
the  Enterprise-Tidioute  road  the  sand  ceases  abruptly  and  is  not 
recorded  for  several  miles  to  the  southeast. 

The  last  two  streaks  constitute  the  Colorado  pool,  which  is  the 
southwestern  end  of  the  Triumph  Streak.  Following  this  streak  to 
the  northeast,  it  attains  in  the  Tidioute  quadrangle  a thickness  of 
more  than  100  feet  (1). 

The  Colorado  pool  was  discovered  in  the  summer  of  1870  and  was 
very  productive,  though  data  on  initial  productions  are  not  available. 

The  Atlas  well,  located  2 miles  northeast  of  Grand  Valley,  was 
drilled  in  1867  and  may  be  considered  the  discovery  well  of  the  Grand 
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Valley  pool  (9,  p.  270).  Other  nearby  wells  were  dry,  and  ten  years 
later  a new  development  was  begun  about  a mile  southwest  of  the 
Atlas  well.  This  opened  the  northernmost  of  the  streaks.  The  initial 
productions  were  not  large  compared  to  the  first  wells  drilled  in  other 
important  Third  Sand  pools.  Small  wells  were  brought  in  occa- 
sionally between  Grand  Valley  and  Colorado,  but  it  was  not  until 
about  1890  that  intensive  development  of  the  Goodwill  Hill  district 
began.  In  this  area  initial  i:)roduetions  are  said  to  have  been  several 
Innidred  barrels  per  day. 

The  total  productive  area  of  the  Grand  Valley-Goodwill  Ilill- 
Colorado  i^ools  embraces  7,400  acres.  Measurement  of  the  areas 
underlain  by  sands  of  differing  thickness  indicates  that  there  are 
about  203,300  acre-feet  of  oil  sand,  containing  50,420,000  barrels  of 
oil,  as  indicated  by  90  core  analyses.  Assuming  that  tlie  oil  in  excess 
of  150  barrels  per  acre-foot  is  recoverable  by  intensive  air  drive,  there 
are  19,930,000  barrels  of  recoverable  oil. 

West  of  Grand  Valley  the  Third  Stray  sand  is  probably  present 
but  poorly  developed.  Northwest  of  Selkirk  there  are  several  beds 
of  sand,  occasionally  red,  aggregating  25  or  30  feet  in  thickness. 
Some  of  these  may  belong  to  horizons  above  the  Third  Stray  sand. 
One  mile  southeast  of  Cutler  School  a well  pierced  5 feet  of  non- 
productive sand  with  5 feet  of  soft  highl}^  ferruginous  reddish  sand, 
20  feet  above  it.  At  Hummer  School  up  to  15  feet  of  Third  Stray 
sand  is  reported.  This  occurrence  is  northwest  of  the  line  passing 
through  Grand  Valley,  and  is  somewhat  anomalous. 

One  mile  east  of  AVhiteoak  School  up  to  20  feet  of  Third  Stray 
sand  is  reported.  Oil  is  not  very  abundant,  and  is  produced  along 
with  that  from  the  very  thick  Third  sand  below  it.  Tins  thickness 
of  pebbly  sand  below  causes  a pronounced  humping  in  the  Third 
Stray,  which  takes  the  shape  of  a dome  with  about  10  feet  of  closure. 
It  is  doubtless  due  to  differential  compaction  and  has  no  structural 
significance.  This  Third  Stray  sand  is  in  the  Dotyville  pool. 

Church  Run  pool.  Still  farther  southwest,  in  the  neighborhood  of 
Henderson  School  and  Henderson  Church,  north  of  Titusville,  in 
an  area  of  about  2,500  acres,  logs  of  wells  to  the  Third  sand  show 
up  to  20  feet  of  Third  Stray  sand.  One  core  from  this  district 
showed  well-cemented  pebbles  and  some  shaly  sandstone  with  a very 
low  porosity.  It  is  doubtful  whetber  there  is  much  production  from 
this  sand  in  this  area,  the  bulk  of  the  oil  coming  from  the  Third  sand. 
It  is  estimated  that  there  are  3,750,000  barrels  of  oil  in  the  sand,  of 
which  less  than  10  i^ercent  is  recoverable. 

Breedtoivn  pool.  In  the  same  southwesterly  direction,  at  Breed- 
town,  there  is  an  area  of  1,160  acres  where  oil  is  produced  from  the 
Third  Stray.  The  sand  ranges  from  7 to  13  feet  in  thickness.  The 
sand  here  seems  to  be  about  30  feet  lower  than  would  be  expected, 
and  there  is  a possibility  that  it  may  be  the  true  Third  sand.  The 
logs  of  a few  wells  in  the  eastern  part  of  the  pool  show  the  Third 
sand  33  feet  below,  which  is  about  tbe  proper  interval.  The  westerly 
dip,  as  shown  by  tbe  contoni’s  between  Zerrer  School  and  Center 
School,  is  thus  partly  structural  and  partly  due  to  differential  com- 
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paction  over  the  thick  Third  Sand  sti’eak,  whieli  reaches  a niaxiinnin 
of  60  feet  one  mile  south  of  Zerrer  Schoox. 

No  cores  were  available  from  this  pool.  It  is  assumed  that  the  sand 
contains  an  average  of  200  barrels  per  acre-foot  (it  may  be  richer), 
which  would  mean  a total  of  2,320,000  barrels  of  oil,  of  which  580,000 
are  recoverable. 

PleasaniviUe  or  Black  Oil  pool.  Southeast  of  a NE-SW  line  pass- 
ing through  the  southeast  corner  of  the  borongh  of  Pleasantville  the 
Third  Stray  sand  is  nsnally  present.  Its  character  here  is  very  dif- 
ferent from  the  Goodwill  Hill  pool.  The  sand  is  generally  pebbly, 
especially  at  the  toj)  and  bottom.  Instead  of  occurring  in  streaks  it  is 
remarkably  nniform  in  thickness,  ranging  between  10  and  20  feet, 
of  which  nsnally  8 feet  is  classed  as  pay.  The  texture  varies  con- 
siderably. Altogether,  8,645  acres  have  been  productive,  and  2,485 
acres  are  now  abandoned  because  of  accidental  water  floods.  Because 
the  oil  in  this  pool  is  darker  than  in  other  sands  and  districts,  the 
.sand  IS  generally  called  the  Black  Oil  sand.  The  xV.  P.  I.  gravity  of  the 
oil  ranges  from  44°  to  50°. 

In  the  district  between  Pleasantville  and  Shambnrg  a few  cores 
show  6 to  10  feet  of  sand,  mostly  coarse,  “cloverseed”,  with  frequent 
pebbly  beds,  especially  at  the  top  and  bottom.  Two  miles  north  of 
Pleasantville  the  sand  is  mostly  coarse  and  pebbly,  but  contains  shaly 
layers.  The  porosity  ranges  from  12  to  19  percent  and  the  saturation 
is  usually  over  25  percent  and  occasionally  up  to  40  percent,  which 
is  high  for  the  region.  The  average  oil  content  is  also  high,  usually 
over  300  barrels  per  acre-foot. 

Wells  in  the  district  between  Pleasantville  and  Asbury  Chapel, 
are  quickly  and  seriously  damaged  if  water  reaches  the  sand  face. 
If  the  casing  leaks  and  water  accumulates  in  the  hole,  it  enters  the 
sand  and  nearly  eliminates  its  permeability  to  oil,  so  that  the  produc- 
tion of  the  Avell  is  adversely  affected.  Some  of  the  water  comes  back 
out  of  the  sand  in  time,  but  as  a rule  the  well  is  permanently  damaged. 
Most  of  the  'welis  are  drilled  100  feet  deeper  than  the  sand,  to  make 
a “pocket”  in  which  the  water  may  collect  while  the  easing  is  repaired. 

Black-oil  wells  in  this  district  produce  no  water  with  the  oil,  and  it 
seems  likely  that  the  sand  may  contain  less  connate  water  than  usual, 
so  that  the  surface  water,  which  may  enter  accidentally,  encounters 
principally  oil-wet  surfaces.  The  permeability  to  water  is  thus  quite 
low,  but  the  hydrostatic  head  in  the  well  forces  water  into  the  sand 
for  several  feet.  On  removal  of  the  head  of  water  in  the  well,  how- 
ever, there  is  no  pressure  in  the  sand  to  force  the  water  out,  and  it 
remains,  ])lugging  the  pores  and  effectually  stopping  the  movement  of 
the  oil.  It  is  also  possible  that  capillary  conclitions  in  the  sand  are 
such  as  to  cause  the  sand  to  imbibe  the  water,  even  without  much 
hydrostatic  head  (26). 

Kepressuring  with  air  has  not  been  very  successful  in  the  Black 
Oil  sand.  It  may  be  that  connate  water  being  almost  lacking,  the 
total  volume  of  fluids  in  the  sand  is  comparatively  small  and,  there- 
fore, the  air  encounters  less  resistance  and  is  less  effective  in  driving 
oil.  Leases  producing  only  or  principally  from  the  Black  Oil  sand 
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are  pumped  every  few  days  and  the  production  per  well  is  low  but 
declines  very  slowly. 

The  Pleasantville  pool  was  discovered  on  February  1,  18G8,  by  the 
Harmonial  well,  in  the  borough  of  Pleasantville  (267  on  map).  This 
well  started  with  a small  yield,  and  at  the  end  of  two  weeks  was 
pumping  about  30  barrels  per  day.  Its  production  gradually  increased, 
and  it  finally  started  to  flow,  its  best  production  being  125  barrels  per 
day  three  months  later.  After  other  wells  were  drilled  in  the  vicinity 
its  flow  ceased,  and  it  was  abandoned  on  November  1.  (21,  p.  18; 

9,  p.  259.)  The  pool  was  developed  rapidly,  but  never  produced 
more  than  2,000  barrels  per  day,  and  by  1869  had  begun  to  decline. 
This  rapid  decline  was  doubtless  due  to  the  thinness  of  the  sand  and 
its  high  permeability. 

The  central  part  of  the  Pleasantville  pool  is  now  flooded  with 
water.  The  date  of  the  beginning  of  the  flood  could  not  be  ascer- 
tained, but  it  apparently  was  Avithin  a few  years  of  its  discovery. 
In  1868  casing  in  most  wells  was  set  with  a seed-bag,  but  the  waters 
from  the  lower  Pennsylvanian  sands  are  highly  corrosive,  and  it  is 
likely  that  the  casings  were  eaten  through,  and  abandoned  wells 
were  improperly  plugged.  The  Avater  is  still  advancing  sloAvly  in  a 
southerly  direction,  and  easterly  in  a lobe  II/2  miles  southeast  of 
Pleasantville.  A hard  streak  just  southeast  of  the  corner  of  the 
borough  has  prevented  migration  in  a direct  southeasterly  direction. 
The  Avatered  area  is  shoAvn  on  the  map  as  abandoned. 

Eastward  from  Pleasantville  there  is  a lobe  as  far  as  Neilltown, 
but  the  sand  is  shaly  and  Avas  never  very  productive.  Most  of  this 
district  is  uoav  abandoned.  East  and  }iortheast  of  Tyrrel  Farm 
School  the  sand  is  productive  in  isolated  spots,  which  trend  towards 
the  Fagundus  pool  in  the  Tidioute  quadrangle  (1). 

At  Fagundus  the  sand  is  thicker,  and  has  responded  Avell  to  air 
drive. 

Pithole  pool.  The  Pithole  pool  has  received  a great  deal  of 
notoriety,  although  its  total  production  was  never  very  great.  It 
was  discovered  on  elanuary  7,  1865,  by  the  Frazier  or  United  States 
well  (282  on  map)  on  the  Holmden  farm.  The  hole  was  drilled  wet 
(i.  e.  without  casing)  and  tubed  to  about  590  feet,  or  5 feet  from  the 
top  of  the  sand.  A seed-bag  packer  Avas  put  on  the  tubing  at  8641/2 
feet.  The  Avell  began  to  floAv  about  200  barrels  per  day  with  the 
sucker  rods  in  the  tubing,  from  which  Ave  may  infer  that  it  Avas  brought 
in  by  pumping.  As  it  Avas  drilled  Avith  the  hole  full  of  Avater  there 
would  be  no  large  show,  and  probably  a pump  was  installed  for  test- 
ing. The  sucker  rods  Avere  removed  in  June  and  the  flow  increased 
to  800  barrels  per  day  (22,  p.  139). 

Several  factors  combined  to  produce  an  unparalleled  speculative 
boom.  The  industry  was  Avell  established,  drilling  technique  had  ad- 
vanced, and  the  demand  for  oil  Avas  growing.  Oil  sold  for  $5.00  to 
$8.00  per  barrel.  The  Civil  War  Avas  over,  many  demobilized  soldiers 
were  idle,  the  currency  Avas  inflated,  and  capitalists  were  eager  to 
invest  money.  The  Homestead  Avell  was  completed  in  April,  two 
more  Avells  in  June,  and  the  four  Avells  were  producing  2,000  barrels 
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per  day  by  the  end  of  June.  Speculators  arrived  by  the  hundreds 
and  haif-acre  leases  sold  as  high  as  $16,500  (19,  p.  134).  In  Septem- 
ber 1865  the  production  of  the  pool  was  6,000  barrels  per  day.  Pithole 
is  estimated  to  have  had  a population  of  15,000,  aixd  had  a daily 
newspaper,  two  banks,  two  telegraph  offices,  two  churches,  and  over 
fifty  hotels  (19,  p.  139),  several  of  which  were  large  and  elegant,  the 
Bonta  House  having  accommodations  for  175  guests  (22,  p.  367). 

The  city  was  short  lived.  In  November  the  Frazer  well  ceased 
flowing.  In  January  1866  the  production  had  declined  to  3,600 
barrels,  and  in  1867  it  was  less  than  1,000  barrels  per  day.  In  1867 
the  average  price  per  barrel  was  $2.50.  It  is  stated  that  3,500,000 
barrels  were  produced  from  less  than  100  acres  (19,  p.  140).  As  the 
sand  on  the  Morey  and  Holmden  farms  is  less  than  15  feet  thick,  this 
figure  is  quite  impossible.  The  old  pool,  as  outlined  by  tradition,  is 
shown  OH  the  map  as  an  abandoned  area,  and  embraces  about  250 
acres.  Assuming  a porosity  of  20  percent,  an  initial  oil  saturation 
of  70  percent,  and  a final  saturation  of  30  percent,  about  620  barrels 
per  acre-foot  could  be  produced.  Over  250  acres  with  15  feet  of  sand 
this  would  be  about  2,000,000  barrels  of  oil.  This  figure  agrees 
roughly  with  the  sum  of  the  estimates  of  dail.y  production,  and  is  an 
outside  estimate  of  the  oil  that  was  produced  from  the  pool. 

The  field  and  city  were  almost  deserted  by  1869,  and  the  main 
part  of  the  pool  is  now  flooded.  A few  wells  drilled  in  1923  on  the 
Morey  farm  on  the  northwest  edge  of  the  old  pool  showed  2 to  13 
feet  of  sand.  The  southeasternmost  well  drilled  into  water.  The 
flood  may  have  started  shortly  after  the  collapse  of  the  boom,  but 
there  are  no  statements  that  the  sharp  decline  in  production  was 
due  to  a water  flood.  The  reasons  for  the  rapid  decline  are  obvious. 
There  were  only  10  to  15  feet  of  highly  permeable,  coarse  sand,  and 
the  wells  were  spaced  absurdly  close.  All  the  gas  and  most  of  the 
oil  were  withdrawn  in  less  than  a year  after  the  discovery.  It  would 
probably  be  feasible  to  unwater  the  pool  as  Triumph  and  Church  Run 
have  been  unwatered,  but  it  is  questionable  whether  enough  oil  remains 
to  make  it  worth  while.  Carll  states  (9,  p.  296)  that  several  small 
pools  containing  a large  amount  of  oil  were  discovered  on  the  edges 
of  the  Pithole  field  after  the  central  district  was  flooded.  Obviously 
they  were  traps  into  which  the  water  had  forced  the  oil,  and  when 
tapped,  the  water  encroached  rapidly.  A well  drilled  on  the  Hyner 
farm  about  1920  produced  for  a time.  It  was  not  ascertained  whether 
it  flooded  out. 

North  of  the  Pithole  pool  proper  there  is  a considerable  area  where 
the  Third  Stray  sand  is  productive,  although  most  of  the  production 
comes  from  the  Red  Valley  and  Second  sands.  The  sand  averages 
8 feet  thick  and  is  pebbly  and  coarse  but  contains  some  shale  and  has 
rather  low  permeability. 

The  old  Cashup  pool  1%  miles  northeast  of  Pithole  was  discovered 
in  1871  and  one  well  flowed  1,000  barrels  per  day.  The  sand  is 
probably  similar  to  the  sand  in  the  Pithole  pool,  and  a recent  core 
showed  14  feet  of  coarse  and  pebbly  sand  with  a permeability  up  to 
800  md.  This  pool  was  never  flooded,  and  embraced  270  acres,  about 
half  of  which  is  now  abandoned. 
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Shanihurg-Pioneer.  Prom  south  of  Shamburg  to  Pioneer  the  Third 
Stray  sand  is  present,  but  thin  and  not  very  productive.  It  is  also 
present  east  and  south  of  Russell  Corners,  where  it  is  partly  flooded. 
The  sand  is  also  present  at  Columbia  Farm  and  north  of  Oakland 
Church.  It  is  thin  and  not  very  productive  in  these  districts. 

Nomenclature  of  Third  Stray  sand.  As  shown  in  table  1 (p.  7) 
and  mentioned  in  the  foregoing  descriptions  of  the  pools,  various 
names  have  been  applied  to  the  Third  Stray  sand.  In  the  report 
on  the  Tidioute  quadrangle  (1)  this  sand  was  called  the  Third,  but  it 
was  recognized  that  it  was  not  the  Third  sand  of  Oil  Creek. 

In  the  northeast  portion  of  the  Titusville  quadrangle  usage  is  the 
same  as  in  the  Tidioute  quadrangle,  and  the  sand  is  called  the  Third. 
At  Pleasantville  and  south  to  Pithole  the  sand  is  called  the  Black-oil 
sand.  Along  Oil  Creek  and  in  the  southwest  portion  of  the  quad- 
rangle it  is  called  the  Gray  sand.  North  of  Titusville  in  the  Church 
Run  district  it  is  variously  called  the  Gray,  Stray,  and  Second. 

The  early  name  of  “Stray  Third”  has  dropped  out  of  general 
usage,  but  the  sand  was  accurately  described  and  correlated  by  Carll 
(10)  under  this  name  in  1875.  None  of  the  names  used  in  the  quad- 
rangle has  more  than  local  application  except  “Gray,”  which  is  also 
used  in  the  Oil  City  and  Franklin  quadrangles.  This  word  implies 
color,  however,  and  is  not  appropriate.  Since  the  term  “Third  Stray” 
is  well  established  in  the  literature  it  has  been  used  to  describe  the 
sand  in  this  report. 


THIRD  SAND 

Church  Run  pool.  The  Church  Run  pool  is  a long  narrow  body  of 
sand  which  extends  northward  from  Titusville.  It  has  been  traced 
into  the  Corry  quadrangle  to  a point  three  miles  east  of  Spartansburg, 
or  thirteen  miles  north  of  Titusville,  making  the  total  length  of  the 
sand  body  nearly  twenty  miles. 

The  Chnrcli  Run  pool  proper  is  along  both  sides  of  Church  Run, 
north  of  the  city  of  Titusville,  where  it  is  about  two  miles  wide. 
West  of  a north-south  line  passing  through  the  center  of  the  city 
the  sand  is  very  thin,  fine,  and  shaly,  and  rarely  productive.  A few 
wells,  now  abandoned,  produced  oil  on  Thompson  Run  about  a mile 
above  Ilydetown,  but  these  are  the  only  wells  that  have  produced  oil 
from  the  Third  sand  west  of  this  line.  Eastward  the  sand  thickens 
rapidly,  attaining  50  feet  and  more  within  one-third  mile  from  the 
edge.  It  is  mostly  pebbly  throughout  its  entire  thickness,  some  beds 
being  loose  unconsolidated  conglomerate  with  pebbles  up  to  one  inch. 
In  places,  however,  it  contains  beds  of  sandstone  without  pebbles,  and 
a few  beds  of  shale.  The  permeability  is  very  high,  amounting  to 
2,000-5,000  millidareies  in  the  loose  conglomerates.  To  the  east  the 
pebbles  disappear  and  the  sand  becomes  thinner,  consisting  of  medium 
to  fine-grained  white  sandstone  with  beds  of  shale  and  sandy  shale. 
Some  sand  beds  are  rather  massive,  and  some  contain  numerous  irregu- 
lar, very  thin  dark  shale  partings.  The  permeability  decreases  to 
betw'een  10  and  50  millidareies. 


thiki)  sand  oil  pools 


35 


The  sand  divides  into  two  lobes  .about  two  miles  northeast  of  Titns- 
ville.  Cores  are  not  available  from  this  region. 

The  pebbly  westeiai  edge  continues  straight  north  from  Titusville 
for  2i/o  miles.  It  then  bears  to  the  northeast  for  IY2  miles,  regaining 
its  northerly  direction  at  Kerr  School.  The  productive  belt  is  less 
than  a mile  wide.  Coiitinning  to  the  north  the  sand  is  about  3U  feet 
thick  near  its  western  edge,  and  is  usually  less  than  a mile  wide. 
A core  from  near  Hummer  School  showed  27  feet  of  sand,  with  a 
pebbly  bed  at  the  top.  The  first  12  feet  consists  of  sandstone  with 
numerons  clay  partings  and  fragments.  The  sand  may  be  more  pebbly 
to  the  west. 

The  Chnrch  Kun  pool  was  discovered  by  the  Eureka  well.  Ac- 
cording to  Carll  (21,  p.  66)  it  was  located  1 Vi>  miles  northeast  of 
Titusville  in  the  valley  of  Chni-ch  Knn,  and  encountered  70  feet  of 
very  coarse  sand  with  pebbles,  from  504  to  574  feet.  It  was  drilled 
in  November  1865,  .and  at  first  iiroduced  about  52  barrels  per  day. 
I’rodnction  drop])ed  to  71/2  barrels  per  day  by  May  1868.  The  well 
was  then  cleaned  out  and  shot,  and  for  some  days  produced  175 
barrels  per  day.  It  had  to  be  shot  every  six  weeks  to  keep  up  the 
production.  Although  not  so  stated  by  Carll,  this  was  doubtless  to 
melt  and  shake  off  the  paraffin  which  deposited  on  the  face  of  the  sand. 

At  some  time  after  the  original  drilling,  surface  water  entered  the 
sand  through  im])roperly  eased  wells,  and  flooded  the  western,  pebbly 
part  of  the  Chnrch  Knn  pool.  It  was  abandoned  for  many  years. 
About  1920-22,  attempts  were  made  to  pump  the  water  off.  Tlie  water 
was  cpiite  fresh  and  filled  the  holes  to  the  surface  in  the  southern 
part  of  the  pool  and  to  about  300  feet  from  the  surface  in  the  northern 
part  of  the  pooh  Many  months  of  pumping  were  re(pured  before 
appreciable  quantities  of  oil  were  obtained.  Since  then  the  field  has 
been  entirely  nnwatered  and  has  produced  largely.  Two  leases  are 
still  operated  under  vaennm,  but  the  majority  are  being  operated 
under  air  and  gas  drive. 

Tlie  flood  never  extended  eastward  into  the  finer-grained  portion  of 
the  sand.  At  about  the  time  the  pool  was  being  unwatered,  several 
wells  were  drilled  near  the  eastern  limit  of  the  flood  and  produced 
as  much  as  150  barrels  per  day  for  a short  time.  They  undoubtedly 
encountered  oil  which  had  been  collected  and  trapped  by  the  advanc- 
ing flood. 

Dotjjville  pool.  About  a mile  northwest  of  Dotyville  there  is  a 
peculiar  isolated  body  of  thick  Third  sand.  It  is  about  IVo  miles 
long  and  1,500  feet  wide,  embraces  160  acres,  and  lies  1 mile  east  of 
the  edge  of  the  Church  Knn  pool.  The  sand  attains  a thickness  of 
80  feet  and  is  reported  to  be  almost  entirely  pebbly.  No  cores  are 
available.  The  eastern  edge  of  production  has  been  outlined  by  dry 
holes  and  is  very  irregular,  some  dry  holes  being  completely  sur- 
rounded by  producing  wells.  The  Third  Stray  is  present  in  this  area 
and  is  reported  in  a few  well  records.  Over  the  thick  part  of  the  sand 
it  shows  a dome  20  feet  high.  In  two  small  outliers  the  Third  and 
Third  Stray  sands  are  present  but  thin  and  not  very  productive. 

The  Dotyville  pool  was  discovered  by  the  Newton  gas  well  (26  on 
map),  which  was  drilled  in  May  1872  and  is  estimated  to  have  produced 
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5,000,000  cubic  feet  per  clay  (21,  p.  198).  In  the  fall  of  1875  the 
well  started  to  make  salt  water,  which  interfered  with  the  flow  of  gas. 
It  was  tubed  and  pumped,  and  in  addition  to  water  made  a little  oil. 
Shortly  after  its  completion,  pipe  lines  were  laid  to  Titusville,  and 
provided  considerable  cpiantities  of  gas  for  industrial  and  domestic 
consumption  until  about  1876. 

In  recent  years  the  pool  has  been  subjected  to  vacuum  and  in  addi- 
tion to  the  oil  has  produced  considerable  quantities  of  casing-head 
gasoline.  There  apparently  was  a large  amount  of  connate  water, 
but  its  original  and  present  location  could  not  be  ascertained.  One 
well  pumped  nothing  but  salt  water  for  six  years,  finally  making 
8 barrels  of  oil  per  day. 

Watson  Flats.  Watson  Flats  are  the  flood  plains  of  Oil  and  Pine 
Creeks  east  of  Titusville.  The  Third  sand  here  is  continuous  with 
the  Church  Run  pool  to  the  north  and  the  Octave  pool  to  the  south, 
but  an  area  of  530  acres  is  here  discussed  separately. 

Cores  show  the  sand  to  be  50  feet  thick  near  its  western  edge  and 
30  feet  thick  at  East  Titusville.  To  the  west  the  upper  part  of  the 
sand  is  pebbly,  and  the  middle  and  lower  parts  medium  to  coarse, 
with  a permeability  of  30  to  50  millidarcies.  Usually  a bed  of  pebbles 
occurs  at  the  base.  To  the  east  the  pebble  beds  occur  only  at  the  top 
and  base,  while  the  sand  in  the  middle  is  fine,  hard,  and  interbedded 
with  shale. 

This  district  includes  the  Drake  well,  which  encountered  oil  in  a 
stray  sand  at  a depth  of  69  feet  in  August  1859.  It  seems  likely  that 
the  Third  sand  was  first  penetrated  during  the  summer  of  1860  at 
McClintoekville  and  at  Tidioute,  and  the  Third  sand  on  Watson  Plats 
may  not  have  been  discovered  until  late  1860  or  1861.  The  flats  were 
drilled  extensively  during  1861.  These  early  wells  were  abandoned 
without  making  any  eft'ort  to  protect  the  sand  from  surface  water,  and 
by  1869  few  were  still  producing  (21,  p.  69). 

The  district  has  been  redrilled  in  recent  years,  and  in  1940  a modern 
air  drive  program  is  operating  on  a lease  half  a mile  north  of  the 
Drake  well. 

Octave  pool.  From  Watson  Flats  the  sand  bears  in  a southwesterly 
direction  and  becomes  markedly  streaked  and  lobate.  Between  Zerrer 
School  and  Boughton  there  are  four  main  thick  streaks,  separated  by 
unproductive  belts.  The  sand  reaches  a maximum  thickness  of  60 
feet  and  is  characteristically  pebbly  in  the  thicker  places.  Where 
the  sand  is  thinner  the  middle  part  is  likely  to  be  medium  to  coarse- 
grained, with  occasional  shaly  beds,  and  with  a permeability  usually 
less  than  100  millidarcies. 

The  easternmost  streak,  between  Boughton  and  Redfield  School,  is 
15  to  20  feet  thick,  and  the  pebbles  are  confined  to  the  top  and  base. 
The  central  part  of  the  sand  is  alternating  sandstone  and  shaly  sand- 
stone with  a permeability  of  less  than  50  millidarcies. 

The  two  easternmost  streaks  pinch  out  to  the  north,  i.  e.,  up-dip, 
and  originally  produced  large  quantities  of  gas  half  a mile  south  of 
Fieldmore  Springs. 
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The  Octave  pool  is  productive  over  about  1,360  acres,  and  is  esti- 
mated to  contain  13, 165, 000  barrels  of  oil,  of  wliicli  4,937,000  are 
recoverable.  The  tbieker  parts  of  the  pool  have  been  operated  mostly 
with  vacuum,  but  during  recent  years  an  air  drive  project  has  been 
successful,  in  spite  of  difficulties  owing  to  the  presence  of  certain 
exceedingly  permeable  beds. 

Miller  Farm.  At  Miller  Farm  an  isolated  thick  body  of  Third  sand 
underlies  about  50  acres.  No  cores  are  available,  but  it  is  reported 
that  as  nincb  as  75  feet  of  bard,  blue,  shaly  s,and.stone  was  quite 
productive.  It  may  be  that  the  entire  thickness  of  the  Third  Sand 
formation  has  become  sandy,  or  it  may  be  that  there  is  here  another 
thick  lens  like  the  one  in  the  Dotyville  pool.  It  lies  between  the  Third 
Sand  bodies  of  Octave  and  Sbamburg,  but  is  apparently  not  con- 
nected to  either. 

Chcrrytrec  pool.  South  of  the  Octave  pool  the  Third  sand  continues 
southwest  and  south  to  a point  1 mile  northeast  of  Cherrytree.  The 
body  of  sand  is  only  lyL  mile  wide  and  from  20  to  30  feet  thick.  The 
Cherrytree  pool  is  separated  from  the  Octave  pool  by  a space  about 
half  a mile  wide  north  of  Toonerville  where  the  sand  is  flooded  by 
water. 

In  the  Cberrjdree  pool  pebbles  are  scattered  in  sandstone  or  shaly 
sandstone  in  the  upper  and  lower  parts  of  the  sand.  The  main  body 
of  the  sand  consists  of  fine-  to  medium-grained  sandstone  with 
abundant  thin  shaly  partings,  often  very  irregular,  and  with  small 
lumps  and  balls  of  shale.  Certain  beds  are  very  shaly  and  probably 
unproductive.  The  permeability  is  usually  less  than  100  millidarcies. 
Recent  application  of  air  drive  has  been  successful.  The  pool  con- 
tains 820  acres. 

Shamhurg  pool.  The  Sbamburg  pool  roughly  parallels  the  Octave 
pool,  lying  31/2  miles  to  the  southeast.  It  is  wider  and  the  sand  is 
thicker  in  the  southern  part. 

South  of  Sbamburg  Corners  there  are  three  streaks  of  sand,  all 
of  them  consisting  of  rather  fine,  hard  sand,  in  places  shaly,  with 
rather  low  permeability.  North  of  Sbamburg  Corners  the  sand  is 
thick  and  soft,  and  contains  numerous  pebbly  beds,  especially  in  the 
upper  part.  The  pebbly  zone  seems  to  have  a northwest-southeast 
trend,  continuing  southeast  almost  to  AVest  Pithole  Creek.  A narrow 
belt  of  shaly,  impervious  sand,  striking  NAY-SE,  passes  about  half  a 
mile  north  of  Sbamburg  Corners,  and  north  of  it  the  pebbles  are  lack- 
ing, and  the  sand  is  much  thinner  and  soft  and  sugary.  A very  slow 
water-flood  has  been  encroaching  in  this  area  for  many  years;  its 
approximate  extent  is  shown  by  the  area  on  the  map  marked  as 
abandoned. 

The  Third  sand  belt  extends  about  5 miles  farther  northeast,  and 
passes  west  of  Pleasantville,  llie  sand  becoming  thinner  and  narrower. 
It  becomes  quite  fine-grained,  hard,  and  less  permeable,  but  is  pro- 
ductive as  far  as  Enterprise.  In  the  neighborhood  of  Pleasantville 
the  sand  contains  some  gas. 
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The  Sliamburg  pool  was  discovered  by  the  Shamburg  well  Avhich 
commenced  producing  February  19,  1866.  The  field  was  developed 
slowly,  and  in  1869  was  producing  1,200  to  1,400  barrels  per  day 
(22,  p.  459).  Several  wells  are  reported  to  have  flowed  400  barrels 
per  day  when  first  brought  in.  The  Jack  Brown  well  on  the  Atkinson 
farm  produced  65,917  barrels  from  December  27,  1867  to  August 
17,  1868,  an  average  of  284  barrels  per  day. 

The  use  of  suction  is  said  to  have  been  attempted  to  stimulate  pro- 
duction in  this  field  very  early  in  its  life.  During  the  1920s  suction 
was  extensively  applied,  and  large  quantities  of  natural  gasoline  were 
manufactured.  In  1940  most  of  the  pool  is  under  air  drive. 

Small  areas  to  the  east  of  the  Shamburg  pool  have  up  to  20  feet 
of  Third  sand,  and  small  quantities  of  oil  are  produced  from  the 
Third  Sand  along  with  oil  from  the  Red  Valley,  Second,  and  Third 
Stray. 

In  the  Shamburg  pool  and  the  outlying  fields  there  are  4,885  acres 
with  an  estimated  total  content  of  25,500,000  barrels  of  oil,  of  which 
about  9,400,000  may  be  recoverable. 

Enterprise.  North  of  Enterprise  the  Third  sand  is  thin  but  has 
been  productive.  Three  small  pools  containing  about  260  acres 
are  in  operation.  The  northernmost,  east  of  Mt.  Hope  School,  pro- 
duces only  gas  from  the  Third  sand.  Between  Enterprise  and  Cheney 
Cenieterj^  the  Third  sand  becomes  valueless  and  the  Third  Stray  above 
becomes  productive.  The  leases  in  this  district  are  partly  abandoned, 
and  it  was  impossible  to  determine  the  exact  limits  of  each  sand. 

Goodivill  Hill-Grand  Valley.  Throughout  the  Goodwill  Hill-Grand 
Valley  district  the  Third  sand  is  generally  present  as  5 to  20  feet  of 
hard  white  sandstone,  usually  shaly  and  unproductive.  In  some  places 
it  is  productive  of  oil  and  is  called  the  Fourth  Sand.  Near  Selkirk 
it  is  pebbly.  In  the  extreme  northern  part  of  the  quadrangle,  north 
of  Starr,  is  an  irregular  small  pool  of  productive  Third  sand.  It 
was  discovered  about  1880  or  1890,  but  a westward  extension  was 
found  in  1938.  It  contains  about  100  acres  altogether. 

In  the  Goodwill  Hill-Grand  Valley  district  the  Third  sand  has  a 
productive  area  of  about  1,200  acres,  and  is  estimated  to  contain 
2,500,000  barrels  of  oil,  of  which  about  700,000  may  be  recoverable. 

Pioneer-Petroleum.  Center.  Lying  south  of  the  southern  tips  of  the 
Cherrytree  and  Shamburg  pools  are  the  Pioneer  and  Petroleum  Cen- 
ter pools.  The  sand  is  streaked  and  lobate.  The  thick  places  consist 
mostly  of  i^ebbly  sand.  At  Pioneer,  on  both  sides  of  Oil  Creek,  the 
sand  is  nearly  all  coarse  pebble.  Near  the  margins  the  pebbles  dis- 
appear from  the  lower  and  middle  parts  of  the  sand,  and  the  sand 
is  sugary  with  moderate  to  low  permeability.  The  thick  streaks  bear 
east  to  northeast. 

Just  north  of  Petroleum  Center  there  is  a belt  half  a mile  wide 
where  the  sand  is  about  20  feet  thick  and  is  hard,  shaly,  and  com- 
paratively unproductive.  South  of  it  the  sand  at  Columbia  Farm  is 
again  30  to  50  leet  thick  and  is  characteristically  pebbly.  In  some 
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places  the  pebbles  are  restricted  to  certain  horizons.  The  average 
porosity  ranges  from  11  to  16  percent  and  the  permeability  is  vari- 
able. The  Pioneer  streak  swings  south,  passing  east  of  Kaneville,  and 
appears  to  join  the  Petroleum  Center  streak  at  Columbia  Farm. 

The  first  large  flowing  wells  were  completed  in  the  spring  of  1861 
along  lower  Oil  Creek.  Drilling  was  continued  i;p  the  stream,  and 
during  late  1861  and  early  1862  a large  number  of  prolific  wells  were 
di’illed  at  Petroleum  Center  and  Pioneer.  Among  these  the  Empire 
well  was  completed  in  September  1861,  with  a flowing  production  of 
3,000  barrels  which  completely  broke  the  market.  The  Noble  well 
was  drilled  in  January  1863,  and  flowed  until  February  28,  1865, 
and  is  estimated  to  have  produced  1,000,000  barrels  of  oil.  It  was  not 
until  1865  that  it  became  generally  realized  that  oil  is  not  necessarily 
found  only  along  the  watercourses,  and  the  prolific  wells  on  the  hills 
three-quarters  of  a mile  northwest  of  Petroleum  Center  drilled  in 
1865  conclusively  proved  that  oil  can  be  found  under  higher  land 
as  well. 

South  of  Petroleum  Center,  the  Story  Farm,  later  called  Columbia 
Farm,  was  drilled  in  1861  to  1865  and  was  very  productive. 

The  Petroleum  Center  pool  was  partly  flooded  with  surface  water 
about  1880.  About  1920  it  was  unwatered,  and  for  a time  it  was 
operated  under  suction,  the  gas,  after  the  gasoline  had  been  removed, 
being  returned  to  the  sand.  Since  about  1931  it  has  been  under  air 
drive,  and  an  intensive  program  has  been  operating  successfully  at 
Columbia  Farm. 
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By  Parke  A.  Dickey  and  Robert  B.  Bossler 


HISTORICAL  SKETCH 

Any  complete  discussion  of  the  history  of  the  early  oil  industry 
would  be  out  of  place  in  this  report.  The  reader  is  referred  to  a 
recent  and  authoritative  work  by  Paul  H.  Giddens  covering  the  de- 
velopment of  the  oil  industry  from  the  early  days  to  about  1870.  A 
bibliography  will  be  found  in  that  book  (19).  The  most  useful  book 
to  a petroleum  engineer  is  “Petrolia”,  by  Andrew  Cone  and  Walter 
R.  Johns  (22),  since  it  gives  an  individual  description  of  each  farm, 
with  data  on  the  number  of  wells,  their  depths,  initial  and  subsequent 
production,  etc.  The  reports  of  the  Second  Geological  Survey  of 
Pennsylvania,  especially  those  by  John  P.  Carll,  laid  the  foundations 
of  petroleum  geology  and  engineering.  The  following  discussion  is 
based  largelj^  on  the  works  of  Giddens  and  Carll. 

The  early  Pi’eneh  explorers  noted  the  presence  of  oil  in  what  is  now 
western  New  York,  and  the  first  recorded  reference  is  by  the 
Franciscan  missionary,  Joseph  de  la  Roche  d ’Allion,  in  1G27.  The 
earliest  reference  to  oil  in  northwestern  Pennsylvania  is  by  David 
Zeisberger,  who  reported  collecting  oil  from  “wells”  in  1768,  while 
camped  along  the  Allegheny  River  at  Tionesta. 

The  early  explorers  and  settlers  found  groups  of  pits,  notably  on 
Oil  Creek  below  Titusville,  but  also  at  other  localities,  where  oil  seeps 
were  known  to  exist.  There  can  be  little  doubt  that  they  were  dug 
for  collecting  oil,  since  they  were  6 to  10  feet  deep  and  cribbed  with 
timber,  but  by  whom  is  a mystery.  The  Seneca  Indians  in  the  region 
in  the  17th  century  knew  nothing  of  the  origin  of  the  pits,  and  it 
is  probable  that  they  were  dug  by  an  earlier  tribe,  possibly  also  of 
Iroquois  stock.  These  pits  may  still  be  seen  along  Oil  Creek  about 
a mile  below  Titusville,  and  along  Ilosmer  Run,  west  of  Garland,  Pa. 

The  Senecas  did,  however,  collect  small  quantities  of  oil  for 
medicinal  purposes,  and  the  white  settlers  continued  its  collection  and 
use.  Nathan  Carey  is  reported  to  have  shipped  “Seneca  Oil”  to 
Pittsburgh  in  1790  in  five-gallon  kegs  slung  over  a horse’s  back.  It 
was  used  mostly  as  a medicine,  largely  for  external  application,  but 
was  also  taken  internally.  Its  po.ssibilities  as  an  illuminant  and  lubri- 
cant were  early  recognized,  but  the  lack  of  knowledge  of  how  to  refine 
it,  and  any  suitable  lamp,  deterred  its  general  use  for  these  purposes. 

During  the  1850s,  first  in  England  and  then  in  the  United  States, 
kerosene  or  oil  distilled  from  coal  came  into  general  use  as  an  illumi- 
nating oil.  By  1859  it  is  estimated  that  $4,000,000  was  invested  in 
this  industry  in  the  United  States.  Samuel  Kier,  of  Pittsburgh,  who 
had  been  a principal  marketer  of  petroleum  produced  by  salt  wells 
near  Tarentum,  Pa.,  and  J.  C.  Booth,  a Philadelphia  chemist,  de- 
veloped a method  of  making  kerosene  from  petroleum,  and  also 
devised  an  improved  lamp  about  1850.  A.  C.  Ferris  improved  the 
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color  and  odor  of  petroleum  kerosene,  and  sold  about  1,180  barrels 
in  New  York  in  1859,  most  of  which  came  from  Tarentum. 

Dr.  Francis  Brewer,  a Titusville  physician  and  graduate  of  Dart- 
mouth College,  took  some  specimens  from  the  Titusville  seeps  to 
Dartmouth  for  analysis.  xVnother  alumnus,  Ceorge  II.  Bissell,  became 
interested  in  the  possibilities  of  the  material,  and  with  Jonathan  G. 
Eveleth,  formed  the  Pennsylvania  Eock  Oil  Company  in  New  York 
on  Dec.  30,  1854.  Attempts  to  sell  stock  Avere  largely  unsuccessful. 
On  April  6,  1855,  Professor  Benjamin  Silliman,  the  noted  chemist 
and  mineralogist  of  Yale  University,  submitted  a complete  analysis 
and  glowing  report  on  the  possible  uses  of  petroleum,  especially  as  an 
illuminant.  There  seemed  to  be  a better  chance  to  sell  stock  if  the 
company  Avere  incorporated  in  Connecticut,  and  most  of  the  promoters 
Avere  residents  of  XeAV  Haven,  so  a neAv  Pennsylvania  Eock  Oil  Com- 
pany AA’as  organized  in  that  city.  The  stock  sold  rapidly,  but  dis- 
agreements and  other  difficulties  deA’eloped.  James  M.  ToAvnsend,  a 
NeAv  Haven  banker  and  then  president  of  the  company,  sent  EdAvin  L. 
Drake,  a friend  of  his  Avho  aa’us  a railroad  conductor,  to  examine  the 
properties  the  company  had  leased  at  Titusville,  in  1857.  Drake  also 
A'isited  the  salt  Avells  at  Tarentum,  and  returned  to  NeAv  Haven  tired 
Avith  enthusiasm  and  convinced  that  oil  could  best  be  secured  by 
drilling.  The  company  Avas  reorganized  on  March  23,  1858,  as  The 
Seneca  Oil  Company,  Avith  a capitalization  of  $300,000. 

Drake  came  to  Titusville  in  May  1858.  He  proceeded  to  collect  oil 
from  the  springs  and  attempted  to  dig  a well.  This  not  proving 
promising,  he  purchased  a boiler,  engines,  and  lumber  for  a derrick, 
but  had  difficulty  in  securing  a driller.  He  finally  hired  William  A. 
Smith  of  Salina,  a blacksmith  Avho  had  made  tools  for  the  Tarentum 
salt  wells,  and  avIio  started  Avork  in  May  1859.  Having  tried  un- 
successfully to  dig  and  crib  a hole  to  bed  rock,  they  drove  32  feet 
of  cast  iron  pipe  and  began  to  drill.  On  Saturday,  August  27,  at 
a depth  of  69b'2  feet,  Avork  Avas  suspended,  and  on  Sunday  afternoon, 
the  driller  noted  that  oil  had  risen  into  the  Avell  to  Avithin  a feAv  feet 
from  the  surface.  The  Avell  produced  about  10  barrels  a day.  Later, 
Avhen  the  Avell  Avas  tubed  and  pumped  from  the  bottom  it  produced 
about  25  barrels  a day. 

This  discovery  of  oil  in  larger  cpiantities  than  had  ever  been  secured 
before  caused  immediate  excitement.  Land  all  the  Avay  doAvu  Oil 
Creek  and  even  up  the  Allegheny  EiA'er  AA’as  quickly  leased.  The 
second  Avell  Avas  drilled  by  William  Barnsdall  and  Boone  Meade  of 
Titusville,  a short  distance  north  of  the  Drake  Avell,  and  it  flowed 
10  barrels  a day  at  122  feet,  probably  from  the  First  sand.  BreAver, 
Watson  and  Company  completed  a Avell  on  the  MeClintoek  farm  near 
Eouseville  in  November  1859. 

By  the  summer  of  1860  a boom  Avas  Avell  under  Avay,  and  by  the 
end  of  the  year  74  producing  Avells  had  been  drilled  along  Oil  Creek 
and  the  Allegheny  Elver  from  Tidioute  to  Franklin. 

In  April  1861,  a Avell  on  the  Buchanan  farm  at  Eouseville  came  in, 
floAving  3,000  barrels  per  day.  It  caught  fire  and  nineteen  persons  Avere 
fatally  burned.  Numerous  other  floAving  Avells  Avere  brought  in  dur- 
ing 1861  and  1862. 
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During  the  1870s  and  1880s  the  attention  of  the  operators  was 
diverted  to  the  new,  flush  flelds  of  the  eastern  district,  especially  Brad- 
ford, and  there  was  little  development  work  in  the  Titusville  district. 
Surface  water  flooded  several  pools,  notably  Petroleum  Center,  Church 
Run,  and  Pleasantville. 

About  1890  there  was  renewed  drilling  in  some  fields.  From  1918 
to  1925  the  high  price  of  oil  caused  renewed  development,  and  vacuum 
and  natural  gasoline  plants  were  installed  on  many  leases.  The 
pebbly  sands  in  particular  yielded  large  quantities  of  natural  gasoline. 

About  1920  the  method  of  injecting  air  or  gas  became  common,  and 
especially  from  1930  to  1940  there  was  a good  deal  of  development 
work  by  air  drive. 


EARLY  DRILLING  TECHNIQUE 

The  first  well  drilled  in  the  United  States  with  anything  approach- 
ing modern  technique  was  put  down  for  salt  water  by  the  Ruffner 
Brothers  in  1808  on  the  Great  Kanawha  River  in  West  Virginia. 
The  tools  and  method  of  drilling  were  developed  in  that  district 
during  the  first  quarter  of  the  19th  century,  and  it  was  reported  that 
salt  wells  along  the  Little  Muskingum  River  were  commonly  drilled 
to  depths  of  400  and  500  feet  in  1826. 

In  1861  oil  Avells  were  usually  started  with  a wooden  conductor 
pipe  to  keep  out  the  loose  soil,  or  east  iron  drive  pipe  where  there 
was  deep  clay  or  gravel.  A 4-inch  hole  was  drilled  through  the  solid 
rock,  which  stayed  full  of  water  from  the  surface  and  upper  sands. 
When  the  oil  horizon  was  penetrated,  tubing  was  set  in  the  well  to 
the  bottom,  with  the  working  barrel  of  the  pump  attached  to  its  lower 
end.  At  a point  below  the  source  of  the  water,  a seed-bag  packer  was 
placed.  This  was  a leather  sleeve  on  the  outside  of  the  tubing,  tied 
at  both  ends.  Flax  seed  was  stuffed  between  the  leather  and  the 
pipe  so  that  when  the  tubing  was  run  into  the  well  the  water  would 
cause  the  seed  to  swell  and  engage  the  wall  of  the  hole.  The  re- 
mainder of  the  pump  assembly  was  attached  to  wooden  sucker  rods 
and  run  inside  the  tubing.  After  allowing  time  for  the  flax  seed  to 
swell,  the  water  in  the  hole  was  pumped  out,  and  if  the  well  was  a 
producer,  oil  commenced  to  flow  into  the  hole.  The  seed  bag  kept 
the  surface  water  out. 

By  this  method,  it  was  not  po,ssible  to  remove  the  tubing  without 
letting  water  into  the  well.  By  1868  heavier  machinery  was  in  com- 
mon use,  and  it  was  customary  to  drill  a dYo-mch  hole.  Casing  of 
31/4  inches  inside  diameter  was  run,  and  the  seed-bag  packer  placed 
at  the  lower  end  of  this  easing.  It  was  then  possible  to  withdraw 
the  2%-inch  outside  diameter  tubing  Avithout  disturbing  the  packer. 

Both  these  methods  were  called  “wet  hole”  drilling,  since  the  hole 
was  full  of  water  until  tubing  was  run  and  the  well  pumped.  Con- 
sequently, oil  shows  were  rarely  encountered  Avhile  drilling.  About 
1875  it  became  customary  to  use  8-inch  drive  pipe,  and  to  carry  an 
8-inch  hole  beloAv  the  water-bearing  strata.  The  size  of  the  hole  was 
then  reduced  to  51/5  inches,  and  5%-ineh  easing  Avas  set  on  the  shoulder 
thus  made.  This  resulted  in  an  effective  water  shut-off,  and  is  the 
method  still  in  use. 
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Until  about  1900  all  wells  were  drilled  by  steam  power  with  a 
standard  cable-tool  rig,  including  a 60-  or  80-foot  Avooden  derrick. 

Colonel  E.  A.  Koberts  invented  the  oil-Avell  torpedo  and  applied  for 
a patent  in  1864.  In  January  1865,  its  first  test  in  a well  on  Watson 
Flats  was  highly  successful,  but  most  operators  were  fearful  of  ruin- 
ing their  Avells,  and  it  was  not  until  January  1867,  Avhen  a dry  hole 
was  transformed  to  a good  producer  by  shooting,  that  the  method 
came  into  general  use. 

PKESEXT  DKILLIXG  -VXD  PI  MPIXO  TECIIXIQI  E 

At  the  present  time,  nearly  all  wells  are  drilled  Avith  a semi-portable 
machine  of  the  >Star  or  Keystone  type,  using  a gasoline  engine  as 
the  prime  mover.  Up  to  40  feet  of  Avooden  conductor  is  set  at  the 
surface,  or  in  glacial-tilled  valleys  as  much  as  300  feet  of  drive  pipe 
is  used.  Surface  easing,  6i/4  inches  in  diameter,  is  usually  set  beloAv 
the  Corry  sandstone  at  an  average  depth  of  250  feet.  In  some  areas 
it  is  necessai’y  to  case  beloAV  the  First  sand.  A 6-inch  hole  is  drilled 
20  to  40  feet  beloAV  the  base  of  the  loAvest  producing  sand.  The  Avell 
is  shot  Avith  tAvo  to  four  quarts  of  nitroglycerine  per  foot  tamped  Avith 
Avater.  After  cleaning  out  the  debris  from  the  shot,  2-inch  tubing 
is  run  and  the  Avorking  barrel  is  usually  set  beloAv  the  producing  sand. 
Wooden  sucker  I’ods  20-25  feet  long  and  about  an  inch  in  diameter, 
Avith  Avrought  iron  eonplings,  Avere  formerly  used,  but  standard  iron 
rods  are  mostly  used  at  present.  Liner  is  very  seldom  used,  and  the 
holes  stand  open  from  the  casing  shoe  cIoaaui. 

Fonnerly  much  trouble  Avas  experienced  Avitii  paraffin  collecting 
on  the  Avails  of  the  hole  and  in  the  tubing,  but  the  production  per  Avell 
is  noAV  so  loAV  that  it  is  not  a problem.  In  certain  districts  calcium 
carbonate  (usually  and  erroneously  called  “gypsum”)  is  deposited 
on  tlie  face  of  the  sand.  This  Avas  particularly  troublesome  Avhen 
suction  Avas  in  general  use,  since  the  AA’ater  released  carbon-dioxide 
on  reaching  the  hole,  and  its  calcium  content  changed  from  the  soluble 
bicarbonate  to  the  insoluble  carbonate.  With  the  use  of  compressed  air 
drive  this  trouble  has  disappeared,  since  air  oxidizes  the  oil  to  such  an 
extent  that  it  contains  large  quantities  of  carbon  dioxide  Avhich  dis- 
solAms  in  the  Avater  and  retains  the  calcium  in  solution. 

Pumping  is  usually  by  means  of  central  power  operated  by  a gas 
engine  burning  the  gas  produced  Avith  the  oil.  The  gas  is  collected 
by  gathering  lines  attached  to  the  easing  head.  Most  of  the  poAvers 
are  of  the  geared  type  Avith  one  or  two  eccentrics.  The  usual  types 
of  shackle  or  rod  lines  are  used  to  connect  the  Avells  to  the  poAver. 
The  pump  jacks  are  usually  home-made,  of  the  Oklahoma  pattern, 
and  are  set  on  Avooden  sills.  Most  leases  are  pumped  tAvo  or  three 
times  a Aveek. 


X.4TIK.AL  PRODl'CTIOX 

Complete  figures  are  not  aA’ailable  for  the  original  flush  production 
of  any  of  the  leases  in  the  TitusAdlle  quadrangle.  The  initial  produc- 
tion of  some  of  the  districts  has  been  given  in  a previous  section. 

Production  figures  are  available  for  certain  leases  from  about  1900 
on.  Ncav  Avells  in  only  slightly  developed  territory  had  initial  pro- 
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duetions  of  10  to  50  barrels  per  day,  and  averaged  as  much  as  one 
barrel  per  day  for  a year  or  more.  At  the  present  time,  most  old 
wells  not  under  secondary  recovery  produce  less  than  one-quarter 
barrel  per  day,  and  the  average  is  probably  less  than  one-tenth  barrel 
per  day. 


VACUUM 

From  1918  to  1925,  when  the  izse  of  suction  was  prevalent,  four  to 
ten  gallons  of  gasoline  were  recovered  per  thousand  cubic  feet  of  gas 
by  the  compression  process.  Oil  production  was  stimulated  only 
slightly  by  vacuu]n,  and  for  a comparatively  short  time.  Suction  re- 
moved most  of  the  remaining  gas  in  the  oil  sands,  and  by  removing 
the  lighter  hydrocarbons,  decreased  the  A.  P.  I.  gravitj^  and  increased 
the  viscosity  of  the  oil,  so  that  it  undoubtedly  left  the  oil  more  dif- 
ficult to  recover.  On  the  other  hand,  prices  for  natural  gasoline  were 
as  high  as  20  cents  per  gallon,  and  the  profit  from  its  manufacture 
may  have  been  sufficient  to  offset  the  probable  loss  in  ultimate  re- 
covery of  oil. 


W ATER  FLOODING 

The  remarkable  success  in  increasing  the  recovery  of  oil  in  the 
Bradford  district  by  artificial  flooding  with  water  led  to  many 
attempts  to  employ  the  method  in  the  Titusville  district.  During  the 
early  accidental  water  floods,  sharp  increases  in  production  were 
noted  before  the  water  entered  the  wells  (9,  p.  269).  However,  no 
ease  Avhere  water  wms  artificially  introduced  resulted  in  any  increase 
in  oil  production.  Some  attemiits  Avere  made  by  the  haphazard 
method  of  permitting  surface  Avater  to  enter,  but  at  least  three  em- 
ployed the  best  technique  in  use  at  Bradford:  a five-spot  pattern  Avas 
used,  the  sand  Avas  cored,  packers  properly  set,  and  pressure  applied 
at  the  surface.  In  most  cases  the  producing  Avells  simply  increased 
their  production  of  AA’ater  Avitli  no  increase  in  oil. 

The  reasons  for  the  total  failure  of  Avater-flooding  attempts  in  this 
district  are  not  clear.  Two  explanations  have  been  advanced.  In 
the  first  place,  the  Venango  sands  show  greater  variations  in  per- 
meability than  the  Bradford  sands.  The  Avater  passes  only  through 
the  more  permeable  beds,  Avhich  are  already  more  nearly  emptied 
of  their  oil  than  the  other  beds.  In  the  second  place,  the  oil  content 
of  the  sand  is  about  30  percent  and  the  connate  Avater  content  about 
40  ])ercent  of  the  pore  space.  It  may  well  be  that  the  introduction 
of  Avater  into  a sand  Avith  this  oil-wmter  ratio  Avill  result  in  the  move- 
ment of  Avater  only  (27). 


AIR  AND  GAS  DRIVE 

Since  about  1920  secondary  recovery  by  air  or  gas  drive,  usually 
called  repressuring,  has  become  common  practice  throughout  mo.st  of 
the  Titusville  quadrangle.  In  most  districts,  considerable  increases 
in  recovery  have  been  obtained  by  this  method. 

The  first  recorded  attempts  to  repressure  oil  sands  Avere  made  by 
Mark  B.  Mitchell  at  Franklin,  Ba.,  in  the  early  years  of  the  present 
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century.  A patent  on  tlie  method  "was  ai'plied  for  August  4,  1904, 
and  granted  July  10,  1906  (U.  S.  Patent  8lM,74.)).  The  method 
was  first  used  on  a commercial  scale  by  I.  L.  Dunn  near  Chester  ilill, 
Ohio,  in  1911.  Rights  for  the  use  of  the  process  were  acupiiretl  by  the 
Brundred  Oil  Company,  of  Oil  City,  Pa.,  in  1914.  The  patents  Avere 
later  declared  iiiA^alid. 

The  method  Avas  first  successful  in  Penusyh'ania  on  a property  at 
Hamilton  Corners,  near  Oil  City  (17,  23)  in  1916,  and  since  then  it 
has  been  in  continuous  application  there.  The  oil  production  of  this 
property  is  shoAvn  in  Figure  8.  The  method  did  not  become  Avide- 
spread  in  the  district  until  about  1927. 

At  present  the  common  practice  is  to  introduce  air  into  specially 
drilled  air-intake  aa’cIIs.  These  Avells  are  cored  in  the  sand,  and  the 
samples  analyzed  for  permeability,  porosity,  oil  and  Avater  content. 
If,  as  is  usually  the  case,  the  permeability  sIioaa's  AAude  Amriations,  the 
sand  is  segregated  into  tAA’o  to  fiA^e  parts,  and  packers  are  set  so  that 
the  air  can  be  injected  into  the  different  sand  sections  under  different 
pressures.  A manifold  AAuth  separate  orifice-meter  connections  is  in- 
stalled at  the  Avell  heads,  and  gauge  Amh'es  adjusted  so  that  about 
1,000  cubic  feet  of  air  aauII  be  injected  per  day  per  A'ertical  foot  of 
sand.  Pressures  necessary  to  inject  this  quantity  of  air  range  from 
50  to  400  pounds  per  square  inch.  There  is  occasionally  a “break- 
down pressure”,  or  critical  pressure,  beloAV  Avhieh  little  or  no  air  enters 
the  sand,  and  aboA'e  A\diieh  the  Amlume  of  air  entering  is  a direct  func- 
tion of  the  pressure. 

In  general,  pi'essure  aa'cIIs  are  located  Avith  respect  to  old  oil  Avells 
so  that  as  symmetrical  AA’ell-spacing  pattern  as  possible  aauII  be  obtained. 
This  results,  at  best,  in  irregular  patterns  and  AA'ide  variations  in 
spacing.  More  recent  intensive  development  programs  have  been 
based  on  uniform  “seven-spot”  patterns,  both  neAV  intake  and  out- 
put wells  being  drilled  Avith  spacings  of  150  to  250  feet  (0.67  to  1.85 
acres  per  oil  Avell  and  1.34  to  3.70  acres  per  air  Avell). 

Compressor  plants  range  from  small  makeshift  outfits  to  large  tAvo- 
stage  compressors  Avith  capacity  up  to  1,000,000  cubic  feet  per  day 
at  pressures  up  to  400  pounds  per  square  inch. 

The  mixture  of  air  and  gas  collected  from  the  easing  heads  is  used 
for  fuel,  and  the  surplus  is  returned  to  the  sand.  In  order  to  avoid 
mixing  the  surplus  Avith  the  compressed  air  it  is  usually  handled  only 
during  certain  hours,  or  by  a separate  compressor.  On  some  leases 
the  gas  from  the  Avells  is  50  to  75  percent  combustible;  on  others  it 
is  almost  pure  air. 

A recent  study  (24)  indicates  that  by  the  air-drive  method  from 
10  to  more  than  100  barrels  of  oil  per  acre-foot  can  be  recovered. 
Most  of  this  oil  Avould  haA^e  been  unrecoverable  by  natural  production, 
since  the  rate  of  entry  of  the  oil  into  the  Avells  Avould  be  so  slow  that 
it  would  not  pay  to  operate  them. 

This  oil  Avill  probably  be  recovered  in  from  10  to  40  years,  but 
one-half  of  it  Avill  be  recovered  during  the  first  third  of  the  operating 
period.  The  s])eed  of  recovery,  doubtless,  depends  on  the  si)acing  of 
the  wells,  but  Avith  the  data  available,  no  relation  could  be  Avorked  out. 
During  the  life,  to  date,  of  a number  of  repressuring  projects,  the 
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ratio  of  air  injected  to  oil  recovered  ranges  between  6 and  22  thousand 
cubic  feet  per  barrel  of  oil  produced. 

Oil  recovery  from  typical  leases.  Production-decline  curves  of  six 
leases  in  the  Titusville  quadrangle,  shown  in  figures  5 to  10,  illustrate 
the  increased  recovery  obtained  by  the  air-  and  gas-drive  method. 

The  average  yearly  production,  expressed  as  barrels  per  well  per 
month  for  Lease  VII,  is  shown  in  Figure  5.  Tliis  lease  has  an  area 
of  133  acres,  and  from  1929  on  had  62  oil  wells  and  13  input  wells. 
Air  and  mixed  air-gas  is  injected  into  a total  of  about  35  feet  of 
sand  (Second  and  Third).  The  average  oil  content  of  the  sand  was 
275  barrels  per  acre-foot. 


From  1898  to  1925  this  lease  produced  about  150,000  barrels  of  oil, 
or  about  1,128  barrels  per  acre.  In  1926  air  rejiressuring  was  begun, 
and  from  1926  to  1939  it  produced  114,200  barrels,  or  an  additional 
859  barrels  per  acre.  During  that  time  1,254,505,000  cubic  feet  of 
air  were  injected  at  about  310  pounds  pressure,  so  that  about  11,000 
cubic  feet  were  injected  per  barrel  of  oil  recovered.  If  the  produc- 
tion-decline curve  since  1926  is  extended  into  the  future,  and  no  new 
wells  are  drilled,  the  oil  wells  will  be  producing  less  than  three  barrels 
per  month  each  in  1968.  By  that  time  the  lease  will  have  produced 
an  additional  92,000  barrels,  so  that  with  the  present  well  spacing 
of  2.14  acres  per  oil  well  and  10.2  acres  per  air  well  (whose  geometric 
average  is  4.66)  the  lease  will  have  recovered,  by  means  of  air  drive, 
206,200  barrels  of  oil,  or  44  barrels  per  acre-foot. 

Lease  III  (Fig,  6)  is  in  considerably  poorer  territory.  Ten  new 
wells  were  drilled  in  1904,  and  production  that  year  reached  as  much 
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Fijiure  6.  Production-decline  curve.  Lease  III 
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as  70  barrels  per  well  per  month.  It  declined  rapidly,  and  by  1907 
the  wells  were  producing  about  12  barrels  per  well  per  month.  The 
production  from  3905  to  1919  follows  almost  exactly  the  graph  of 
the  equation. 

y = 83:r-i-3i2 

Vacuum  was  installed  in  1919.  Production  was  increased  slightly, 
but  by  1924  had  fallen  below  what  it  should  have  been  according  to 
the  equation. 

Two  new  pressure  wells  and  one  new  oil  well  were  drilled  between 
1928  and  1930,  which  materially  increased  the  production.  It  fell, 
however,  to  about  3 barrels  per  well  per  month  by  1934.  During  this 


Figure  7.  Production-decline  curve,  Lease  XI 

period  the  lease  produced  about  6,000  barrels  of  oil.  It  had  an  area 
of  35  acres  with  3 air  wells  and  17  oil  wells.  The  sand  is  20  feet 
thick  and  has  an  estimated  oil  content  of  210  barrels  per  acre-foot. 
New  wells  were  drilled  in  1935  and  1937  which  offset  the  decline  in 
production. 

On  lease  XI  (Pig.  7)  there  were  two  periods  of  development.  In 
1925  and  1926,  20  acres  were  placed  under  air  drive,  and  the  develop- 
ment was  extended  to  cover  50  acres  in  1929  and  1930.  Both  decline 
curves,  which  are  plotted  logarithmically  in  the  upper  part  of  the 
figure,  indicate  that  the  cumulative  ultimate  recovery  will  be  about 
1,500  barrels  per  acre  from  about  20  feet  of  sand. 

Lease  V is  the  property  at  Hamilton  Corners  on  which  air  was 
first  applied  in  Pennsylvania.  No  new  development  was  done  be- 
tween 1926  and  1939.  During  that  time  the  production  declined 
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logarithmically,  except  for  a period  from  1932  to  1934  when  the  air 
input  was  not  kept  up  to  normal.  The  well  spacing  on  this  lease  was 
wide  and  irregular. 

Lease  YIII  is  a property  of  61  acres  underlain  by  24  feet  of  Second 
sand,  with  an  estimated  oil  content  of  325  barrels  per  acre-foot.  Air 
and  gas  pressure  was  applied  experimentally  in  1926  and  1927,  and 
applied  over  the  lease  in  1929  and  1930.  There  were  32  oil  wells  and 
10  air  wells  (one  of  which  was  on  the  boundary)  from  1930  to  1935. 
The  production  declined  rather  rapidly,  and  about  49,000  barrels 
were  produced  from  1928  through  1939.  It  is  estimated  that  27,000 
barrels  more  will  be  produced  before  1951.  Some  of  this  oil  was 
produced  by  wells  outside  the  area  affected  by  air,  and  it  is  estimated 
that  the  cumulative  ultimate  recovery  due  to  air  drive  will  not  exceed 


Figure  8.  Production-decline  curve,  Lease  V 


1,100  barrels  per  acre.  The  wells  are  widely  spaced  and  not  laid  out 
in  a regular  pattern.  If  they  had  been  closely  and  properly  spaced 
it  is  likely  that  much  more  oil  would  have  been  recovered  in  a shorter 
period  of  time. 

Several  leases  in  the  district  have  been  developed  by  spacing  wells 
closely  on  a regular  “seven-spot”  pattern.  In  a pattern  of  this  type 
the  oil  wells  are  located  at  the  corners  of  hexagons,  and  air  wells  at 
their  centers.  In  a complete  pattern  of  this  type  there  are  twice  as 
many  oil  wells  as  air  wells.  Each  air  well  drives  towards  six  oil  wells, 
and  each  oil  well  receives  air  from  three  air  wells.  Spacings  range 
from  150  to  300  feet.  It  seems  likely  that  these  developments  will 
recover  considerably  more  oil  in  less  time  than  the  older  haphazard 
method  of  drilling  a few  air  wells  between  old  oil  wells.  It  was  im- 
possible to  estimate  accurately  the  cumulative  ultimate  recovery  of 
an}^  of  these  properties,  since  development  work  has  continued  irregu- 
larly on  all  of  them,  and  their  production  is  still  increasing. 
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Figure  9.  Production-decline  curve,  Lease  VIII 
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An  example  of  this  type  of  development  is  Lease  XIII,  ivhose  pro- 
duction curve  is  shown  in  Figure  10,  and  development  map  in  Figure 
11.  The  lease  is  underlain  by  Second  and  Third  sands,  which  aggre- 
gate 30  to  60  feet  in  thickness.  The  Second  sand  is  missing  in  parts 
of  th?  lease,  and  is  relatively  impermeable  elsewhere,  so  that  most  of 
the  production  has  come  from  the  Third  sand.  The  pattern  is  a seven- 
spot  slightly  modified  to  fit  lease  conditions.  Well-to-well  spacing 
ranges  from  250  to  300  feet.  All  air  wells  are  cored,  and  have  from 
two  to  six  packers,  so  that  air  is  injected  at  different  pressures  into 
as  many  as  five  different  parts  of  the  sands.  The  air  input  has  been 
approximately  1,000  cubic  feet  per  day  per  vertical  foot  of  Third  sand, 
but  the  Second  .sand  has  taken  only  small  amounts  of  air  at  the  pres- 
sures available. 


Figure  10.  Prorluction-decline  curve,  Lease  XIII 
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The  original  development  was  started  in  1930  and  consisted  of  three 
old  wells  drilled  in  1921,  to  which  were  added  three  new  wells,  form- 
ing a hexagon,  and  a new  air  well  was  drilled  at  its  center.  This 
group  was  operated  experimentally  until  1933.  The  decline  in  pro- 
duction may  be  plotted  as  a straight  line  on  logarithmic  paper,  but 
cannot  be  used  to  estimate  future  recoveries  from  the  lease,  since  each 
oil  well  is  acted  on  by  only  one  air  well  instead  of  three,  as  in  a com- 
plete pattern.  The  air  wells  drilled  to  the  south  and  north  of  this 
original  group  in  1936  and  1939  increased  the  production  of  the  old 
w’ells  about  700  percent. 

During  1933  and  1934,  18  oil  wells  and  3 air  wells  w’ere  drilled 
increasing  the  developed  area  to  33  acres.  Although  10  of  these  wells 
were  drilled  between  April  1933  and  June  1934,  considerable  increase 
in  production  did  not  occur  until  November  1934.  Similarly  a period 
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of  drilling  during  1936  did  not  increase  production  until  April  1937. 
The  lag  between  drilling  and  increased  production  thus  appears  to  be 
from  8 to  12  months. 

The  production  declined  from  August  1937  to  late  1939,  and  this 
decline  would  have  been  steeper  but  for  the  elfect  of  wells  drilled 


early  in  1937.  Wells  drilled  in  late  1939  and  early  1940  caused  an 
increase  which  was  still  continuing  in  December  1940. 

The  total  area  drilled  to  October  1940  is  67  acres,  and  the  cumula- 
tive oil  production  is  78,000  barrels.  Had  the  entire  area  been  de- 
veloped during  1930  and  1931  the  total  production  to  date  would 
have  been  far  greater.  Although  there  is  no  way  of  making  an 
accurate  estimate,  it  appears  certain  that  the  oil  produced  from  the 
67  acres  will  be  not  less  than  135,000  barrels  by  1950,  a recovery  of 
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2,000  barrels  per  acre.  Accurate  cost  data  on  this  lease  are  not  avail- 
able, but  there  is  no  doubt  that  this  operation  was  profitable  at  the 
price  of  oil  prevailing  between  1930  and  1940. 

Production  and  operating  data  for  12  leases  for  which  it  was  pos- 
sible to  estimate  the  ultimate  recovery  are  shown  in  Table  4,  which 
is  taken  from  a previously  published  paper  (24).  The  method  of 
estimating'  the  ultimate  recovery  is  more  fully  described  in  that  article. 
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TABLE 


Production  and 

operating  data 

from  1 

2 leases 

under 

I 

II 

III 

IV 

V 

1. 

Actps  in  lease  affected  by  air. 

76 

60 

35 

40 

260 

2. 

Oil  wells  affected  by  air 

26 

20 

17 

16 

76 

3. 

Effective  air  wells  (line  wells 

connt  one-half)  

7 

8 

3 

3y2 

18 

4. 

Acres  affected  by  air  divided 

by  number  of  oil  wells 

2.9 

3.0 

2.2 

2.5 

3.4 

5. 

Acres  affected  by  air  divided  by 

number  of  effective  air  wells. 

10.8 

7.5 

11.6 

11.5 

14.5 

6. 

Name  of  sand 

Third 

Second 

Third 

First 

First 

Stray 

and 

Second 

7. 

Tliickness  of  sand  (feet)  .... 

20 

35 

20 

30 

20 

8. 

Average  porosity  of  sand  (per 
cent)  

12 

13 

12 

22 

9. 

Average  oil  saturation  of  sand 
( percent  pore  space  occupied 
by  oil)  

24 

20 

23 

10. 

Average  oil  content  of  sand 
(barrels  per  acre-foot)  .... 

230 

210 

225 

300 

330 

11. 

Year  air  drive  was  initiated.. 

1936 

1928 

1929 

1930 

1915 

12. 

Cumulative  oil  recovery  with 
air  drive  from  that  year  until 
December  31,  1939  (barrels)  . 

11,500 

12,571 

6,001  a 

27,978 

146,164 

13. 

Estimated  future  oil  produc- 
tion, Ja7iuary  1,  1940,  to  eco- 
nomic limit  (barrels)  

6,800 

11,800 

2,750  b 

42,000 

52,000 

14. 

Expected  date  of  economic 
limit  

1944 

1954 

1938 

1965 

1954 

15. 

Number  of  oil  wells  contribut- 
ing but  unaffected  by  air  . . 

5 

18 

16. 

Estimated  production  of  oil 
wells  contributing  but  unaf- 
fected by  air,  from  date  of 
initiation  of  air  drive  to  eco- 
nomic limit  (barrels)  

1,300 

37,000 

17. 

Estimated  cumulative  ultimate 
oil  recovery  with  air,  from 
date  air  drive  was  initiated 
to  economic  limit  (barrels)  . 

17,000 

24,400 

8,750 

33,000 

198,000 
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4. 

air  drive  shoiring  uninterrupted  decline  curves. 


VI 

VII 

VIII 

IX 

X 

XI.,g 

Xlg 

XII  Average 

45 

133 

61 

61 

16 

50 

24 

37 

23 

62 

30 

34 

12 

33 

20 

27 

6% 

13 

8 

3 

12 

7 

8 

1.95 

2.14 

2.03 

1.8 

1.3 

1.5 

1.2 

1.37 

2.1 

7.0 

10.2 

6.4 

7.6 

5.4 

4.1 

3.4 

4.6 

8.0 

First 

and 

Second 

Second 

and 

Third 

Second 

Third 

Third 

Stray 

Second 

and 

d’hird 

Stray 

Second 

and 

Tliird 

Stray 

First 

20 

35 

24 

37 

40 

20 

20 

22 

(Esti- 

mated) 

13 

16 

13 

15 

15 

15 

17 

14.8 

16 

23 

26 

26 

25 

22.8 

300 

27  5 

325 

275 

300 

300 

300 

360 

287 

(Esti- 
mated ) 

1926 

1926 

1928 

1930 

1933 

1926 

1926 

1935 

25,600  114,200 

48,882 

53,046 

19,900 

25,260  e 

7,400  c 

44,300 

7,000 

92,000 

26,900 

58,000 

25,300 

50,000  f 

32,000  d 

36,000 

1943 

1967 

1951 

1969 

1955 

1966 

1955 

1954 

8 

15 

6 

♦ • 4 

3,000  . . . 7,800  . . . 3,900 


30,000  206,200  68,000  111,000  41,100  75,260  39,400  80,300 
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TABLE  4 

Production  and  opcratincj  data  from  12  leases  under 


18.  Estimated  cumulative  ultimate 

oil  recovery  (bbls.  j)er  acre)  . 

19.  Estimated  cumulative  ultimate 

oil  recovery  (bbls.  per  acre- 
foot)  

20.  Average  daily  air  input. — date 

of  initiation  through  1939 
(thousands  of  cubic  feet)  . . 

21.  Estimated  air  input  per  barrel 

recovery — date  of  initiation 
to  December  31,  1939  (thou- 
sands  of  cubic  feet  per  bbl.) . 

22.  Time  from  initiation  of  air 

drive  until  production  is  less 
than  3 bbl.  per  month  per 

well  

(economic  limit ) (years)  ... 

23.  Time  from  initiation  of  air 

drive  until  (A  the  ultimate 
recovery  is  obtained  (years). 

24.  Spacing  factor;  square  root  of 

the  product,  acres  per  air 

well  times  acres  per  oil  well. 


220  407  250  825  760 

11  11.5  12.5  27.5  38 

65  ...  120 


21.9  ...  15.6 


9 27  10  36  40 


21/2  11  3 15  11 

5.6  4.7  5.0  5.36  7.0 


a Actual  oil  production,  1929-1933. 
b Estimated  future  oil  production,  1934-1938. 
c Actual  oil  production,  1926-1929. 
d Estimated  future  oil  production,  1930-1955. 
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—Continued 

nir  drive  showing  uninterrupted  decline  curves — Concluded 


660 

1,550 

1,100 

1,800 

2,570 

1,500 

1,640 

2,175 

33 

44 

46 

49 

64 

7 5 

83 

100 

43.1 

250 

275 

220 

110 

11.0 

23.6 

15.6 

5,6 

15.3 

18 

43 

24 

40 

23 

41 

30 

20 

28 

7 

13 

8 ‘/a 

11 

S'/s 

14 

10 

4 

9 '/a 

3.70 

4.66 

3.61 

3.70 

2.65 

2.48 

2.02 

2.51 

4.1 

e Actual  oil  production,  1926-1934. 
f Estimated  future  oil  production,  1935-1966. 

g Two  periods  of  decline  foiiowing  two  periods  of  drilling  on  same  lease. 
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FACTORS  AFFECTING  THE  RECOVERY  OF  OIL  BY  AIR  DRIVE 

Bypassing  of  air.  Since  the  permeability  of  the  sands  of  the 
Venango  group  is  extremely  variable,  as  noted  above,  it  is  almost 
impossible  to  prevent  most  of  the  air  from  passing  through  the  most 
permeable  beds  only.  The  air  removes  the  fluids  from  these  beds 
preferentially,  thereby  still  further  increasing  their  permeability  to 
air.  It  is  probable  that  channelling  by  the  air  takes  place  to  a certain 
extent  around  every  well.  An  exceedingly  permeable  sand  will  take 
large  quantities  of  air  at  low  pressure,  and  the  injected  air  passes 
almost  directly  to  a nearby  output  well.  The  air  then  has  little  effect 
in  moving  the  oil  in  the  other  parts  of  the  sand.  It  is  obvious  that 
even  a small  amount  of  bypassing  may  result  in  highly  inefficient 
extraction  of  oil. 

The  most  convenient  way  to  determine  the  extent  of  bypassing  of 
air  is  to  take  open -flow  gauge  readings  of  the  air-gas  output  of  the 
producing  wells.  An  alternative  method  is  to  note  the  pressure  build- 
up with  time,  as  in  gauging  gas  wells.  These  measurements  are  often 
supplemented  by  approximate  analysis  of  the  gas,  either  for  B.t.u. 
content  or  by  noting  the  color  of  its  flame. 

Methods  of  controlling  bypassing  of  air.  The  use  of  multiple 
packers,  as  already  mentioned,  has  become  general  practice  in  the 
Venango  fields. 

If  an  oil  well  shows  serious  byi^assing  of  air  owing  to  directional 
channelling,  it  is  common  practice  to  stop  pumping  for  a time  and 
allow  a liquid  head  to  build  up  in  the  well.  The  oil  or  water  tends 
to  enter  the  sand  and  plug  the  more  permeable  streaks,  and  bypassing 
of  air  often  is  stopped  temporarily.  Filling  the  Avell  with  fresh  or 
salt  water  and  allowing  it  to  stand  in  the  well  until  some  of  the  liquid 
has  penetrated  the  sands  also  has  proved  effective.  Selective  plugging 
by  means  of  chemicals  has  been  suggested  but  never  attempted  in  the 
Venango  fields. 

It  has  been  found  that  injecting  air  intermittently  in  4-,  8-,  or  12- 
hour  cycles  tends  to  inhibit  bypassing.  This  probably  is  because  large 
fluctuations  of  pressure  occur  in  the  open  channels,  and  smaller 
fluctuations  in  the  tighter  parts  of  the  sand  where  there  is  also  more 
liquid.  When  the  pressure  drops  in  the  open  channels,  the  liquids, 
being  at  higher  pressure,  tend  to  migrate  from  the  tight  parts  of  the 
sand.  During  the  next  period  of  injection  the  liquids  are  forced 
along  the  open  channels  toward  the  producing  well.  The  presence 
of  the  liquids  in  the  open  channels  decreases  their  effective  permeabil- 
ity, and  the  air  is  forced  to  act  on  the  other  parts  of  the  sand.  Where 
bypassing  is  severe  very  short  injection  cycles  are  beneficial. 

Oil  content  of  sands.  It  is  obvious  that  the  more  oil  in  the  sand 
when  repressuring  begins,  the  greater  will  be  the  recovery.  It  is 
certain  also  that  a considerable  quantity  of  oil  in  the  sand  cannot 
possibly  be  recovered  economically  by  air  drive.  Laboratory  work  on 
fidly  oil-satnrated  cores  indicates  that  40  to  50  percent  of  the  oil  can- 
not be  removed  by  air.  When  the  cores  are  saturated  first  with  water 
and  then  with  oil,  however,  the  oil  remaining  after  prolonged  air 
drives  may  be  as  low  as  20  percent.  On  one  property  a pressure  well 
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from  which  air  bypassed  extensively  through  a permeable  bed  was 
abandoned  for  mechanical  reasons,  and  a new  well  drilled  forty  feet 
away.  It  was  found  that  the  oil  saturation  in  the  permeable  bed, 
through  which  large  quantities  of  air  must  have  passed,  wms  12.5 
percent,  equivalent  to  124  barrels  of  oil  per  acre-foot.  Experience 
indicates  that  probably  very  little  oil  can  be  recovered  from  a sand 
with  an  oil  saturation  as  low  as  15  percent  (185  barrels  per  acre-foot 
at  16  percent  porosity). 

Spacing  and  pattern  of  wells.  Results  in  both  the  field  and  labora- 
tory indicate  that  the  longer  air  passes  through  a sand  the  more  oil 
will  be  recovered,  and  that  the  rate  of  production  decreases  with  time 
and  approaches  zero  asymptotically.  The  cumulative  production  of 
oil  from  a iinit  volume  of  sand  is,  therefore,  some  function  of  the 
quantity  of  air  that  has  passed  through  it. 

It  is  obvious  that  different  volumes  of  air  pass  through  unit  volumes 
of  sand  in  different  parts  of  the  sand  body.  For  example,  in  a seven- 
spot  pattern  in  a homogeneous  sand,  all  the  air  injected  must  pass 
through  the  sand  and  come  out  at  the  producing  wells.  The  volume 
of  air  passing  through  a unit  cross  section  of  the  sand — which  we 
may  call  flux  density — is  greatest  at  the  walls  of  the  holes,  and  de- 
creases away  from  them.  Greater  volumes  of  air  come  out  at  the 
producing  wells  than  go  into  the  input  wells,  as  the  outlet  pressures 
are  much  lower  than  the  input  pressures.  If  the  pressure  at  the  input 
wells  is  300  pounds  per  square  inch  (gauge)  and  atmospheric  at  the 
producing  well,  the  volume  of  air  emitted  wdll  be  21  times  the  volume 
injected.  There  are  twice  as  many  producing  wells  as  input  wells 
in  a seven-spot  pattern,  hence  the  flux  densities  in  the  neighborhood 
of  the  producing  wells  will  approach  ten  times  those  in  the  neighbor- 
hood of  the  input  wells. 

Between  the  input  and  output  wells  in  a seven-spot  pattern,  the 
air  spreads  out  until,  at  three-fourths  of  the  distance  from  input  to 
output  well,  it  covers  a path  0.86  of  the  well-to-well  distance  in  width. 
The  greatest  flow  of  air  fakes  place  along  the  straight  line  connecting 
the  input  and  output  wells,  and  decreases  to  zero  at  the  points  midway 
between  the  producing  wells.  Areas  such  as  these  through  which 
little  or  no  air  passes  will  be  very  common  in  irregular  patterns,  and 
the  oil  may  actually  be  concentrated  in  them.  Pressure  wells  drilled 
recently  between  old  oil  wells  on  a lease  which  had  been  subject  to 
air  drive  for  more  than  twenty  years  showed  abnormally'  high  satura- 
tions which  were  unquestionably  due  to  secondary'  enrichment. 

Problems  involving  the  flow  of  gases  through  porous  media  are 
more  complicated  than  the  flow  of  incompressible  fluids.  For  liquids, 
the  pressure  distribution  can  be  worked  out  by'  electrolytic  conduc- 
tion models,  no  matter  how  irregular  the  pattern.  Theoretical  work 
showing  the  distribution  of  the  flux  densities  for  gases  likewise  would 
be  instructive  and  permit  determining  the  relative  efficiencies  of 
various  patterns.  Efficiency'  is  used  here  in  a sense  different  from 
that  used  in  connection  with  water  flooding.  The  pattern  that  gives 
the  most  uniform  distribution  of  flux  density'  between  wells  is  con- 
sidered the  most  efficient. 
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Although  the  importance  of  efficient  patterns  needs  emphasis, 
irregularities  in  the  sand  body  will  spoil  the  efficiency  of  any  regular 
pattern.  Some  of  the  sand  bodies  in  the  Venango  fields  consist  of  a 
series  of  long,  parallel  bars  or  thick  streaks,  1,000  to  2,000  feet  wide. 
Between  the  bars  the  sand  is  much  thinner  and  apparently  less  porous 
and  permeable  than  in  the  thick  streaks.  Whenever  possible,  the 
location  of  such  impermeable  streaks  and  spots  should  be  given  full 
consideration  in  the  layout  of  well  patterns. 

Other  factors.  Air  has  an  oxidizing  elfect  on  crude  oil,  forming 
compounds  that  make  it  more  difficult  to  recover.  Some  of  these  com- 
pounds are  insoluble  and  tend  to  clog  the  pores  of  the  sand;  others 
cause  stable  cil-water  emulsions.  The  long-continued  passage  of  air 
through  oil  sands  removes  many  of  the  lighter  hydrocarbons  and 
increases  the  specific  gravity  and  viscosity  of  the  oil.  The  use  of  air 
introduces  other  mechanical  difficulties,  such  as  corrosion  of  equip- 
ment and  the  formation  of  explosive  mixtures. 

Better  oil  recoveries  than  are  possible  with  air  as  the  injection 
medium  might  be  obtained  by  driving  with  a gas  that  is  soluble  in 
the  oil.  Gas  coming  out  of  solution  forms  bubbles  that  tend  to  clog 
the  pores  of  the  sand,  which  otherwise  would  transmit  gas  only.  On 
the  other  hand,  some  of  the  driving  effects  would  be  lost  as  the  result 
of  the  gas  going  into  solution. 

Although  it  might  be  difficult  to  show  that  the  advantages  of 
natural  gas  as  a driving  medium  justify  its  purchase  at  a price  in 
excess  of  40  cents  per  thousand  cubic  feet,  the  gas  still  remaining  in 
the  sand  should  be  carefully  conserved  by  using  outside  sources  of 
power  and  by  collecting  vapors  produced  with  the  oil  from  flow  lines 
and  receiving  tanks. 

Other  factors  that  have  an  important  effect  on  oil  recovery  by  air 
drive  are  the  viscosity  of  the  oil,  the  percent  of  pore  space  of  the  sand 
occupied  by  water,  and  the  permeability  of  the  sand.  It  is  believed, 
however,  that  the  effect  of  these  factors  on  the  recovery  of  oil  from 
the  leases  studied  was  less  than  the  effect  of  the  bypassing  of  air,  oil 
content,  and  well  spacing.  These  factors  are  more  susceptible  to 
laboratory  investigation  than  the  major  ones.  Insufficient  data  were 
available  to  attempt  to  evaluate  their  importance. 

Fundamentally,  it  is  the  energy  of  the  expanding  and  moving  air 
that  moves  oil  to  the  wells,  and  energy  input  can  be  calculated  from 
the  volume  and  pressure  of  input  air.  However,  bypassing  causes 
such  a variable  and  unknown  waste  of  energy,  and  inefficiencies  of 
pattern  cause  such  a variable  distribution,  that  it  is  difficult  to  esti- 
mate the  quantity  of  energy  required  to  recover  a barrel  of  oil. 

EFFECT  OF  WELL  SPACING 

The  cumulative  recoveries  from  the  leases  studied  were  plotted 
against  a well  spacing  factor,  consisting  of  the  geometric  mean  of  the 
input  and  output  wells  (square  root  of  the  product,  acres  per  oil 
well  times  acres  per  air  well)  (Fig.  12).  The  points  scatter  rather 
badly,  as  would  be  expected  from  the  irregularities  of  the  pattern, 
the  effect  of  bypassing,  and  the  different  oil  content  and  characteristics 
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of  the  sand,  but  there  appears  to  be  a definite  relation.  It  seenis 
reasonable  to  assume  that  as  the  well  spacing  is  decreased  to  very 
small  values  the  quantity  of  oil  recovered  will  tend  to  approach  as  a 
limit  the  total  recoverable  oil  in  the  sand,  or  about  140  barrels  per 
acre-foot,  since  the  average  total  oil  content  of  the  leases  shown  is 
290  barrels  per  acre-foot,  of  which  290  minus  150,  or  140,  are  recover- 
able. At  the  other  end  of  the  curve,  as  the  well  spacing  is  increased 
so  that  there  are  many  acres  per  well,  the  recovery  per  acre  will 
diminish  and  gradually  approach  zero.  A curve  with  the  formula 
if=a^,-hxP  lias  these  properties,  and  is  drawn  in  figure  9 as  a solid 
line,  (y  — cumulative  ultimate  recovery  in  barrels  per  acre-foot, 
a = total  recoverable  oil,  x = Avell  spacing  in  acres  per  well,  e = base 
of  Napierian  logarithms,  h and  p - constants  depending  on  local 
conditions.) 


Figure  12.  Cumulative  ultimate  oil  recovery  of  12  leases 
plotted  against  well  spacing 


The  leases  used  in  plotting  this  curve  have,  however,  different  total 
oil  contents,  and  the  leases  with  the  higher  ultimate  recoveries  have 
the  higher  oil  content,  so  that  it  would  be  more  correct  to  relate  the 
spacing  to  the  fraction  of  total  recoverable  oil  which  will  be  recovered, 
instead  of  to  the  actual  oil  recovered.  This  is  done  in  Figure  13, 
and  the  type  of  equation  is  the  same.  Values  were  assigned  to  the 
constants  by  the  method  of  least  squares,  so  that  the  curve  fits  as 
closely  as  possible  the  actual  spacings  and  recoveries  of  the  twelve 
leases  on  which  data  are  available.  The  formula  becomes 

7?  = e-0.29Fl0® 

where  It  = fraction  of  total  recoverable  oil  recovered  at  spacing  F. 
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TITUSVILLE  QUADEANGLE 


Additional  recovery  data  are  necessary  before  this  equation  can 
prove  its  general  applicability.  However,  it  will  serve  as  a rough 
guide  to  determine  the  most  economic  spacing  to  use  in  laying  out 
an  air-drive  iirogram  in  tlie  Venango  district. 


Figure  13.  Oil  recovery  of  12  leases  expressed  as  percent  of  total 
recoverable  oil,  plotted  against  well  spacing 


OPTIMUM  SPACING 

An  operator  intending  to  install  air  or  gas  drive  on  an  old  prop- 
erty is  confronted  with  the  problem  of  hoAV  many  new  wtIIs  should 
be  drilled  to  make  the  greatest  profit.  As  shown  in  the  i^reeeding 
section,  the  more  wells  he  drills  the  more  oil  he  will  recover,  but  the 
greater  the  number  of  new  wells  the  greater  Avill  be  the  development 
cost,  and  drilling  too  many  Avells  will  obviously  result  in  decreasing 
his  net  iirofit.  The  determination  of  the  most  profitable  or  oiotimum 
spacing  is  exceedingly  complex  and  difficult,  and  has  probably  never 
been  accurately  established  for  any  oil  producing  district.  IIoAvever, 
if  the  equation  on  the  preceding  page  is  valid,  one  method  of  cal- 
culating the  optimum  spacing  may  be  suggested. 

Various  considerations  affect  the  profit  or  net  return  on  an  oil 
property.  The  principal  ones  are : price  per  barrel  received  for  the 
oil,  lifting  cost  per  barrel,  and  development  cost  per  acre.  If  these 
values  are  taken  into  account,  the  net  return  per  barrel  may  be  ex- 
pressed as  follows : 

The  money  received  per  acre  from  the  sale  of  oil  will  be  the  total 
quantity  of  oil  recovered  multiplied  by  the  price  per  barrel.  If  we 
assume  that  the  oil  in  excess  of  150  barrels  per  acre-foot  is  recover- 
able, that  the  sand  has  a thickness  of  T feet,  and  that  the  recovery 
factor  for  the  spacing  we  shall  use  is  R,  then  the  total  quantity  re- 
covered will  be  TR(C-150)  barrels.  This  multiplied  by  the  price 
per  barrel  will  be  the  gross  income.  The  operating  cost  will  be  the 
same  number  of  barrels  multiplied  by  the  operating  cost  per  barrel. 


OPTIMU^r  SPACING 
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The  development  cost  per  acre  will  be  the  development  cost  per  Avell 
divided  by  the  number  of  acres  per  well.  This  may  be  expressed  by 
an  equation : 

Profit  = P = IvTR.(C-150)  — LTR(C-150)  — 


P r=  net  return  per  acre 
K r=  price  of  oil  per  barrel 
T — thickness  of  sand 
K = recovery  factor  : — fraction  of 
total  recoverable  oil  recov- 
ered at  geometric  mean  spac- 
ing factor  F 


C = oil  content  of  sand  in  barrels 
per  acre-foot 

J = development  cost  per  vcell 
N = number  of  new  wells  drilled 
A — acres  in  lease 


The  equation  may  be  simplified  to  read 
P = TR(C-150)  (K-L) 


JN 

A 


The  value  of  R is  determined  by  the  equation 

R = e--29F 

where  P is  the  geometric  mean  spacing  factor,  square  root  of  the  prod- 
uct, acres  per  oil  well  times  acres  per  air  well. 

Each  operator  may  assign  values  to  the  above  symbols  to  fit  con- 
ditions on  his  lease,  and  calculate  the  number  of  wells  which  will  give 
the  greatest  profit. 

Calculations  of  examples  typical  of  the  Venango  district  were  given 
by  the  authors  at  the  Eastern  District  meeting  of  the  American 
Petroleum  Institute,  April  17,  1941,  but  could  not  be  included  in  this 
report. 
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TABLE  6.  Records  of 


M/\P 

TIUMBIR 

O’WER 

DATE 

DRILLED 

SLEV. 

coRfrr 

SAND 

FIRST 

3^M) 

Ra) 

VALLEY 

5AM) 

SECOND 

S4MD 

THIRD 

STRAY 

S.AND 

THIRD 

SAND 

3 

4 

E 

H 

Early  well 

Grey  well 

Poet  well 

Paul  well 

Worn 8 well 

z.. 

W.G.Roeder 

(Reported  drilled  to  the 

ca  i8q0 
ca  1900 

1936 

iueen  San 

1644 
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Ion  uncer 

655-681 

:aln) 

6'’4-6q 

744-76 

1 

2 72^746 

3 7B9-816 

828-838 

890-906 

845-849 

485-500 

865-885 

mi 

804- 

■;  17-979 

Wells  Deeper  Than  Third  Hand 
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INDEX 
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Abandoned  wells,  8 
Accnraulation  of  oil  and  gas,  15 
Air  and  gas  drive,  44-62 
compressor  plants,  45 
effect  of  well  spacing,  45,  40, 
60-62 

etficiency  of,  59 
factors  affecting,  58-62 
in  Black-oil  x>ool,  31 
in  Goodwill  Hill  ijool,  29 
in  Petroleum  Center  ijool,  39 
in  Red  Valley  sand,  27 
in  Shamburg-  i>ool,  38 
methods,  45 
jjatterns,  45,  49,  59 
Ijressures,  45 
X^rofits  from,  23,  62 
recovery  of  oil  by,  45-56,  58 
well  spacings,  45,  49,  60-62 
d’Allion,  J.  de  la  R.,  40 
Amber  sand,  26 
Amity  shale,  11 
Allegheny  plateau,  3 
Allegheny  River,  3 
Asbury  Chapel,  First  sand  near,  25 
Third  Stray  sand  near,  31 
Ashburner,  C.  A,,  8 
Atkinson  farm,  38 
Atlas  well,  29,  69 

B 

Barnsdall,  Win.,  41 
Bans  of  sand,  13 
Belts  of  sand,  13 
Berea  formation,  5 
Bimber  Run  conglomerate,  10 
Bissell,  G.  H.,  41 
Black  Oil  pool,  31 
Black-oil  sand,  see  Third  Stray 
sand 

Bonta  House,  33 
Booth,  J.  C.,  40 
Bossier,  R.  B.,  2 
Boughton,  4 

Third  sand  near,  36 
Boulder  sand,  11 
Bradford  oil  field,  2,  6 
water  flooding  at,  44 
Breakdown  xiressure,  45 
Breedtown  pool,  30 
Brewer,  Francis,  41 
Brewer,  Watson,  and  Co.,  41 
Brundred  Oil  Corp.,  45 
Buchanan  farm,  41 
Butts,  Chas.,  5 
Byxiassing,  58 


C 

Canadaway  group,  13 
Cax^illary  phenomena  in  oil  sands, 
16,  31,  44 

Carey,  Xathan,  40 
Carll,  J.  F.,  8,  10,  24,  33,  34,  35,  40 
Carsonville,  Red  Valley  sand  near, 
26 

Cashu]}  oil  pool.  First  sand  in,  25 
Third  Stray  sand  in,  33 
Casing,  42,  43 
Casing-head  gasoline,  44 
Caster,  K.  E.,  5,  6,  7,  10 
Cafhcart,  S.  H.,  4 
Cattaraugus  formation,  7,  28 
Cementation  of  oil  sands,  16 
Center  School,  Third  Stray  sand 
near,  30 

(diadwick,  G.  H.,  10,  11 
Channelling,  see  Bypassing 
Chemung  grouxJ,  13 
Cheney  cemetery.  Third  sand  near, 
38 

Cherry  tree.  Third  sand  near,  37 
Cherry  tree  Township,  First  sand  in, 
26 

Chunch  Run  pool.  First  sand  in,  26 
Third  Stray  sand  in,  30 
Third  sand  in,  34-35 
Clarendon  sand,  14 
Coal,  5 

Coal  oil,  40,  41 
Colorado  oil  pool,  29 
Columbia  farm.  Second  sand  at,  27 
Third  Stray  sand  at,  34 
Third  sand  at,  38,  39 
Conix^osition  of  oil  sands,  17 
Compressor  x^lants,  45 
Conductor  pipe,  42,  43 
Cone,  Andrew,  40 

Connate  water,  see  Water,  connate 
Conneaut  group,  13 
Connocxuenessing  sandstone,  4 
Core  analyses,  20-22 
Corrosion  of  equiximent,  60 
Corry  sandstone',  5,  15 
Culture,  1 

Cumulative  ultimate  oil  recovery, 

49 

Cussewago  formation,  5 
Cutler  School,  First  sand  at,  24 
Third  Stray  sand  at,  30 
Cuyahoga  groux^,  5 

D 

Beep  wells,  13,  14 
Dennis  Run,  6 
Devonian  system,  6-14,  24-38 
Domes,  15,  35 
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Dotvville  pool,  Third  Stray  sand  in, 
30,  34 

'riiird  sand  in,  35 
Drainage,  3 
Drake,  Ik  L.,  44 
Drake  well,  24,  36,  41 
Drilling-,  42-43 
Drive  pipe,  42-43 
Dunn,  I.  L.,  45 

E 

Economically  recoverable  oil,  23 
Edgewater,  16 

Electric  logs,  6,  8,  Section  I 
Elevations  of  wells,  2,  66-81 
Emlenton,  27 
Empire  well.  39 

Enterprise,  Third  sand  near,  37,  38 
Eureka  well,  35 
Eveleth,  J.  G.,  41 
Explorers,  early  French,  40 

F 

Fagundus  anticline,  15 
Fagundus  oil  pool,  32 
Faulting,  15 
Ferris,  A.  C.,  40 
Fettke,  C.  R.,  3,  16 
Fieldmore  Sj)rings,  Third  sand 
near,  36 

First  sand  formation,  9 
correlation  of,  8 
oil  in.  23-26 

First  Warren  sand,  7,  14 
Flooding,  see  Water  flooding 
Fourth  sand  (T’hird  sand),  28,  34, 
38 

i-'ranklin,  1 

Franl<lin  quadrangle,  44 
Frazer  well,  32 

G 

(iarland,  oil  pits  near,  40 
Gas  drive,  see  Air  and  gas  drive 
Gas,  advantages  of  ns  driving  me- 
dium. 60 
Gas,  43 

neai-  Cutler  School,  24 
near  Fieldmore  S])rlngs,  36 
near  Mt.  Hope  School,  38 
near  T'leasantville,  37 
segregation  of,  16 
Gasolene,  44 
Giddens,  Paul  H.,  40 
Glacial  deposits,  oil  in,  24 
Glaciatioii.  3 
G(jodwill  Hill,  9,  16 

First  sand  at,  10,  25 
Third  Stray  sand  at.  28-30 
'I'hird  (Fourth)  sand  at,  38 
Grain  size  of  oil  sands,  16 
Grand  Valley,  24-25 
First  sand  at,  25 
Third  Stray  sand  at,  28-30 
Third  (Fourth)  san<l  at,  38 


Gravel  banks,  4 
Gravity  of  oil,  28,  31 
Gi-ay  ('Third  Stray)  sand,  34 
Gypsum,  43 

H 

Hamilton  Corners,  First  sand  at, 
10,  16 

air  drive  at,  45,  48 
Harmonial  well,  33,  73 
Heavy  minerals  in  oil  sands,  17-19 
Henderson  School  and  Church, 
'Third  Stray  sand  near,  30 
Ifershelman,  Wm.  L.,  16 
Hilliards  quadrangle,  1,  2,  11 
Historv  of  oil  industry.  40 
Hogg.  C.  C.,  2 
Holmden  farm,  33 
Homestead  well,  32 
Hoosier  well,  73 
Hosmer  Run,  40 

Hummer  School,  Third  Stray  sand 
at,  30 

Hydetown,  abandoned  wells  at,  35 
Hyner  farm,  33 

I 

Igneous  rock  fragments,  17 
Indians,  40 

Intermittent  air  injection,  58 
Intervals  between  oil  sands,  7 
Irregularities  in  sand  bodies,  60 

J 

Jerusalem  Corners,  First  sand 
near,  25 

Johns,  Walter  R.,  40 

K 

Tvaneville,  Third  sand  near,  39 
Kerosene,  40.  41 

Herr  School,  Third  sand  near,  35 
Kier,  Samuel,  40 
Knapp  formation,  6 

L 

Lithology  of  oil  sands,  9-13,  24-38 
Lytle  (Red  Valley)  sand,  27 

:m 

Wans,  sand  thickness,  8,  Plates  IT 
to  VII 

Marvin  Creek  limestone,  6 
Matteson,  L.  S.,  3 
McClintock  farm,  41 
McClintockville,  36,  41 
Meade,  Boone,  41 
Meadville  formation,  5 
Methods  of  survey,  2 
Miller  farm,  waterfall  near,  4 
fault  near,  15 
Third  sand  at,  37 
Mineralogy  of  oil  sands,  17-19 
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Mississippian  system,  5,  6 
Nfitoliell,  Mark  B.,  44 
Moraines,  3 
Morey  farm,  33 

\(onnt  llo])e  Sclinol,  Third  sand  at, 
38 

N 

Natural  j>'as,  see  Gas 
Natural  gasoline,  42,  44 
Neilltown,  First  sand  near,  25 
Bed  ^'alley  sand  near,  2(i 
Third  Stray  sand  near,  32 
Newton  gas  well,  35,  60 
New  Haven,  Conn.,  41 
Noble  well,  39 

O 

Oalsland  (duireh.  First  sanil  near, 
26 

Third  Stray  sand  near,  34 
Octave  ])ool,  Tliird  sand  in,  30 
Oil,  accumulation  of,  15 

production  of,  see  Oil  produc- 
tion 

recoverable,  21,  23 
reserves  of,  21-23 
ultimate  recovery  of,  49 
Oil  City  quadrangle,  1 
Oil  comjianies,  2 

Oil  content  of  sands,  19,  20,  45-56, 
58,  61 

Oil  Creek,  3,  4 

oil  pools  near,  38-39 
Oil  pits,  Indian,  40 
Oil  piaxluction,  by  air  drive,  45-56 
initial,  43 
natural,  43,  45 
time  of  recovery,  45 
Oil  sands,  7 

composition  of,  17 
intervals  between,  7 
oil  content  of,  19,  58,  61 
origin  of,  13 

permeability  of,  19,  45,  58,  60 
petrography  of,  16 
porosity  of,  19 
structure  of,  14 
texture  of,  16 
water  content  of,  21,  60 
water  in,  see  Water 
Oil  sands,  Venango,  7 
First  sand,  9,  24-26 
Red  Valley  sand,  10,  26 
Second  sand,  10,  27 
Third  Stray  sand,  11,  28-34 
Third  sand,  11,  34-38 
Oil  well  records,  2,  6,  66-81 
Olean  conglomerate,  4 
Optimum  spacing,  62 
Orangeville  formation,  5 
Origin  of  Venango  oil  sands,  13 
Oswayo  formation,  7 
Oxidalion  of  oil,  60 


P 

Backers,  seedbag,  42 
multiple,  45 

Banama  conglomerate,  8 
Baraftin,  43 
Ba tents,  air  drive,  45 
Battern  dialling,  45,  49,  59 
Bebbles,  16 

Bennsylvania  Rock  Oil  Companv, 
41 

Bennsylvanian  system,  4 
Bermeabilitv  of  oil  sands,  19.  45, 
58,  60 

Betrograjihy  of  oil  sands,  16 
Betroleum  Center,  Third  sand  at, 
38 

Betrolia,  40 

Bineville,  Red  Valley  sand  near,  26 
Bioneer,  Second  sand  at,  27 
Third  Stray  sand  at,  34 
'I'hird  sand  at,  38-39 
Bithole,  33 

First  sand  near,  26 
Red  ^'alley  .sand  near,  27 
d’hird  Stray  sand  at,  32,  33 
Bithole  ])ool,  32,  33 
T’its,  dug  for  oil,  40 
T’leaisantville,  1 

First  sand  near,  10,  25 
Red  \hilley  sand  near,  26,  27 
Second  sand  near,  27 
Third  Stray  sand  near,  31 
Third  sand  near,  37 
Plugging  of  oil  saiuks,  selective.  58 
Bojie  Hollow  conglomerate,  10 
B^orosity  of  oil  sands,  19 
Bottsville  series,  4,  5 
Brather  School,  Finst  sand  near, 
10,  26 

Bresque  Isle  peninsula,  12 
Brice  of  oil,  23,  32,  62 
Pressures  in  air  drive,  28,  45 
Pressure  wells,  45 
Production  of  oil,  see  Oil  produc- 
tion 

Production-decline  curve.s,  45-51 
Bumping,  42,  43 

Q 

Quartz  veins,  16 
(Riai'tzite,  16 
Queen  sand,  14 
Quinn  sand,  26 

R 

Recovery  of  oil,  21,  45-56 
Red  Valley  sand,  10,  23 
oil  pools  in,  26-27 
Red  rock,  13 

Redfield  School,  'Phird  sand  near, 

36 

Relief,  3 

Repressuring,  see  .\ir  and  gas  drive 
Riceville  shale,  6 
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Roberts,  E.  A.,  43 
Roclclancl  Station,  27 
Rome  Township,  First  sand  in,  26 
Rosenberry  (Red  Valley)  sand.  27 
Itouseville,  41 
Ruffner  Brothers,  42 
Russell  Corners,  First  sand  near, 
26 

S 

Saegerstown  shale,  10 
Salamanca  sandstone,  8 
Salt  sand  (Second  sand),  27-28 
Salt  water,  see  Water 
Salt  wells,  42 
Sands,  see  Oil  sands 
Second  sand,  correlation  of,  7,  8 
general  discussion  of,  10,  11 
oil  in,  23 

oil  pools  in,  27-28 
Third  Stray  sand  called,  34 
Red  Valley  sand  called,  28 
Second  Warren  sand,  14 
Secondary  enrichment  of  oil  sands, 
59 

Secondary  recovery  of  oil,  see  Air 
and  gas  drive,  Water  flooding. 
Vacuum 

Secondary  silica,  16 
Seed  bag  packers,  42 
Selkirk,  First  sand  near,  25 
d'hird  Stray  sand  near,  30 
Third  sand  near,  38 
Seneca  Indians,  40 
Seneca  oil,  40 
Seneca  Oil  Company,  41 
Seven-spot  pattern,  45,  49,  59 
Sliamburg,  First  sand  near,  26 
Second  sand  near,  27 
Third  Stray  sand  near,  34 
Third  sand  near,  37,  38 
Shamburg  well,  38 
Sharpsville  formation,  5 
Shenango  group,  5 
Sherrill,  R.  E.,  3 
Shira  sand,  11 
Shooting  of  wells,  43 
Shore  lines,  oil  sands  laid  down 
near  ancient,  13 
Silliman,  Benjamin,  41 
Slush  oil,  9 
Smith,  AVm.  A.,  41 
Spacing  of  wells,  45,  60-62 
Speeehley  sand,  14 
Starr,  Third  sand  at,  38 
Slone,  R.  W.,  3 

Story  farm,  see  Columbia  farm 
Stratigraphy,  4-14 

governing  localization  of  oil,  15 
Stray  sand.  Third  Stray  sand 
called,  34 

Structure,  local,  regional,  14 
effect  on  oil,  16 
surface,  4 

Subsurface  rocks,  6-14 


Sucker  rods,  42,  43 
Suction,  see  Vacuum 
Surface  rocks,  4,  5 
Surface  relief,  3 

T 

Tarentum,  salt  wells  at,  41 
d'hird  sand,  correlation  of,  7,  8 
general  description  of,  11 
oil  in,  23 

oil  pools  in,  28-34 
Third  Stray  sand  called,  34 
Third  Stray  sand,  correlation  of, 
7,  8 

general  descriiDtion  of,  11 
oil  in,  23 
cdl  pools  in,  28-34 
Tionesta,  fault  near,  15 
Time  to  recover  oil,  45 
Tidioute,  oil  at,  36,  41 
Tidioute  quadrangle,  2,  7,  27-29,  32, 
34 

Titusville,  city  of,  1,  4,  34 
Toonerville,  Third  sand  near,  37 
d’o])ography,  1,  3 
Torpedo,  oil-well,  43 
Townsend,  J.  M.,  41 
'I'rends  of  oil  sands,  9,  10,  11,  28 
Triumph  oil  pool,  12,  29 
Tubing',  oil-well,  42 
Tyxies  of  oil  sands,  13 
Tyrrel  Farm  School,  Third  Stray 
sand  at,  32 

U 

United  States  well,  32,  33 
V 

■\’acuum,  38,  42,  44,  48 
Venango  oil  district,  1 
\h‘nango  oil  sands,  see  Oil  sands, 
Venango 

Viscosity  of  oil,  60 
Volumes  of  air  injected,  45,  59 

W 

Warren  sands,  14 
Washington  School,  First  sand 
near,  25 

Water,  connate,  16,  21 
in  Dotyville  pool,  36 
in  Black  Oil  sand,  31 
in  Second  sand,  15 
Water,  content  of  oil  sands,  21 
effect  of  on  oil  sand,  31 
methods  of  shutting  off,  42 
Waterfalls,  4 
Water  flooding,  44 
Whiter  flooding,  accidental,  44 
at  Church  Run,  35 
at  Petroleum  Center,  39 
at  Pithole,  33 
at  Pleasantville,  32 
at  Shamburg,  37 
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Water  (continued) 
at  Toonerville,  37 
artificial,  44 
tVatson  deep  well,  14 
Watson  Flats,  4 

oil  in  glacial  deposits,  34 
Third  sand  at,  36 
IVell  records,  2,  6,  66-81 
Well  records  of  deep  wells,  13, 
80-81 

Well  spacing,  43,  60-62 


West  I’ithole  Creek,  Third  sand 
near,  37 

IVhite.  1.  C.,  3,  7,  8 

W’hileoak  SchO'Ol,  Third  Stray  sand 
at,  30 

Woodcock  sandstone,  8 

Z 

Zeisberger,  David,  40 

Zerrer  School,  Third  Stray  sand 
near,  30 

Third  sand  near,  36 
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SECTION  I 

COLUMNAR  SECTIONS  IN  TITUSVILLE  QUADRANGLE 
BASED  ON  ELECTRIC  LOGS,  DRILL  CUTTINGS,  AND  CORES 
VERTICAL  SCALE,  1-INCII  100  EEET 


SKCnON  A 


SOUTH 


CROSS  SECTION 


SIXTION  vr 


SOUTH 

g 


CROSS  SECTION  E-£' 

s;  £ K s s i i 


NORTH 

Si 


GENERAL  MAP 


wflit,  tfcrp  welli,  approxfiaalc  Icair  hf>uf)tFArJra,  amt  IFnf»  <if  rpo«i  a^rcFona. 


FIRST  SAND 


EXPLANATION 

UMiTS  or  PRODUCTION 


CD 

CD 


RED  VALLEY  SAND 

(alwcollcd  Second  Of  Lytle  Sand) 


EXPLANATION 

LIMITS  or  PBOOOCTON 


o 

CID 


SECOND  SAND 

(oijo  colled  So!t  Sand) 


EXPLANATION 


THIRD  STRAY  SAND 

(olso  colled  Third.  Block  oil,  end  Gray  Sorid) 


EXPLANATION 

LMTS  cr  PBOOXTION 


o 


THIRD  SAND 

(cal»  called  Green  Oil  or  Fourth  Send) 


EXPLANATION 

PRODUCTION 


ilKSi 


PAMPHLET  BINDERS 


This  la  No.  1527 

la  •took  la  tollowlaa 

MMM  ■ 


niCMt*! 


t k 

7 mAm  M M 

UB» 

U 

bnlm  It 

■wlw 

H iMi> 

M 

m 

7 • * 

un 

tt 

“ m 

m 

t 

M 

« - 

IKB 

U 

“ M 

tt 

m 

w 

ai  *■ 

% - 

IMS 

UM 

U 

M 

- 11 
- u 

m 

m 

• 

U 

M 

OUmt  rIjim  a 

to 

hnImp* 

MANUFACTURCD  RT 
« A aw 


0UiJWs 

'ui/rv/vf^  f ^t;'  i7  v4 

H'’'!^"'-!  ^ ?/<?/  *^(!7''  /./^■''4^ 

J K>  j iSji^'^  1 <■  ; ^ tj*  4 V'  i ^\U-t  hf 


r yi-  ■’  ' ''  '-li4?jS'i^  1 i " 


